






We, from Cultural Heritage without Borders, took the initiative to organize a seminar about 
earthquake protection in traditional masonry buildings when we were asked if we were interested 
in participating with the restoration of the prison building in the old town Kotor. Our intention, 
together with the Institute for Protection of Cultural Historic Monuments in Kotor and the local 
NGO Expeditio, is to discuss different approaches to securing old buildings in case of earthquakes.

In earthquake zones this besides fires are the main reasons why monuments and other buildings 
are being destroyed. Knowledge of how to protect traditional buildings without destroying their 
authenticity and how to use the existing structure and material to safeguard the building is often 
limited. The legal regulations are not always updated to correspond with new approaches and new 
experience from resent earthquakes. 
A discussion on this theme is the main reason for the seminar with an aim to give guidance 
for possible changes of the earthquake protection regulations in Montenegro. The Institute for 
Protection of Cultural Historic Monuments in Kotor is working with this aim.

The planned seminar taken place in Kotor, between the 16th and 18th of September with lectures 
in the mornings of September the 16th and 17th. In the afternoon of the 16th there was a guided 
tour in Kotor to look at the restorations after the big earthquake in 1979 and how the earthquake 
protection was solved then. In the afternoon of September the 17th there was a discussion. The 
18th there will be an excursion to other Montenegrian towns. The seminar was held at the Institute 
for Protection of Cultural Historic Monuments in Kotor. 

Foreword



Dear ladies and gentlemen, respectful guests and dear colleagues  

The opening speech of Ms Ružica Ivanković, the head 
of the Regional Institute for Protection of Historic and 
Natural Heritage

It is my honour and pleasure to greet you and to welcome you to have a pleasant stay here in our 
city and in Montenegro. Kotor is a city with an outstanding combination of sea and stone, spirit 
and style as well as rich cultural heritage, extraordinary monumental values that represent the uni-
versal value, due to which Kotor has become a part of World heritage of UNESCO. Here in Kotor, 
you can find 40% of the whole immoveable cultural heritage of Montenegro.

Man has lived in this area since the early ages, on this crossroads of east and west that was inter-
acting, uniting and connecting, leaving behind evident traces of all the forms of human creation, 
especially those from construction.

Kotor, during its long history, was heavily destroyed through many human and historic catastro-
phes, wars and earthquakes, many of which had catastrophic consequences like the earthquakes 
in 1510, 1563, 1608, and 1667. What the result of a catastrophe of this magnitude can be is seen 
through traces of destruction left after the earthquake in 1979. Then, 69 monuments of culture 
were destroyed, 300 of them were heavily damaged while 224 suffered minor damages.

Despite the fact that the most of the monuments were repaired; many of them are in jeopardy as a 
result of the long waiting time to be restored and of the aging. 

I am convinced that this seminar, through exchange of experience, will contribute to the future 
works on cultural historic monuments, especially from the aspect of protection and safeguarding 
their authentic values. 

For today’s seminar “Earthquake Protection in Historic Buildings”, the gratitude belongs to Swed-
ish Foundation “Cultural Heritage without Borders”, and its representative Ms Tina Wik. 

Once more I wish you all a pleasant stay in Kotor and fruitful work in the seminar.

Kotor, 16th September 2005.



9.00-9.45 Prof.dr Saleh Lamei
Center for Conservation and 
Preservation of Islamic  
Architectural Heritage

“EARTHQUAKES IN EGYPT 
DESTRUCTION OF SACRAL AND 
PROFANE BUILDINGS IN HISTORIC 
CAIRO”

10.00-10.45 Prof.dr Ashraf Osman
Center for Conservation and 
Preservation of Islamic  
Architectural Heritage

“STRUCTURAL PRESERVATION 
OF HISTORICAL BUILDINGS IN 
SEIZMIC AREA”

11.30-12.00 Prof.dr Gavrilović Predrag
Institute of Earthquake Eng. 
and Engineering Seismology 
University “St Cyril and 
Methodius”
Skopje, Macedonia

“CONSERVATION AND 
SEIZMIC STRENGHTENING OF 
MONUMENTS AND HISTORIC 
BUILDINGS”

12.00 12.30 Msci Amir Čaušević
Msci Milorad Skoko
Sarajevo University,
Architectural Faculty
Statical Analysis dept. BiH

“HISTORIC MASONRY IN SEISMIC 
INTERVENTIONS ON FERHAD 
PASA’S MOSQUE”

12.30-11.00 Dr Lazar Šumanov
ICOMOS Macedonia
Secretary - General

“MINIMUM INTERVENTION-
MAXIMUM PROTECTION OF 
TRADITIONAL ARCHITECTURAL 
STRUCTURES IN SEISMIC-PRONE  
AREAS”

SCHEDULE
FRIDAY
16.09.2005



9.00-9.45 Prof.dr Feridun Cili
Earthquake engineer

“RESTORATION OF EARTHQUAKE 
DAMAGED MONUMENTS IN AND 
AROUND ISTANBUL”

10.00-10.45 TWO MOVIES ABOUT

“SEISMIC STRENGHTENING BYZANTINE CHURCHES IN MACEDONIA”

“EARTHQUAKE PROTECTION OF BYZANTINE CHURCHES USING 
SEISMIC ISOLATIONS”

11.30-12.00 Dr Lalošević Ilija
Regional Institute for Protection of 
Cultural Heritage Kotor, SiCG

“TRADITIONAL SEISMIC BUILDING 
EXPERIENCES ON THE TERRITORY OF 
KOTOR ”

12.00-12.30 Prof.dr Božidar S. Pavičević
Faculty of Civil Engineering
University of Montenegro
Cetinjski put bb, Podgorica
Montenegro

“MITIGATION OF SEISMIC RISK 
OF OLD TOWNS AND CULTURAL 
HERITAGE:
URBAN PLANING AND L.S.C. 
ASPECTS”

12.30-130 Mr Franc Vardjan
Civil engineer,
Slovenia

“METHODOLOGY THAT WAS 
USED WHEN RESTORING KOTOR 
MONUMENTS AFTER THE 
EARTHQUAKE, THE PROGRAM OF 
RESTORATION AND THE POSSIBILITY 
OF USING THAT RESTORATION 
PROGRAM TODAY”

SCHEDULE
SATURDAY
17.09.2005





Destruction of Sacral and  
Profane Buildings in Historic Cairo
Prof dr Saleh Lamei - director General of CIAH

 
Cairo is distinguished by the existence of 
a rich architectural heritage which was 
built during the various Islamic reigns in 
Egypt .The Historic City of Cairo was listed 
on the UNESCO World Heritage List, Third 
session,Oct.1979.
 
Stone, brick and mortar undergo deterioration 
processes. The rate and symptoms of such 
processes are influenced by different factors, 
partly depending upon the properties of the 
materials itself. 

The building materials and structures of 
monuments suffer not only from deterioration 
process caused by physical, chemical weath-
ering and manmade environments, but also 
from structural failures caused by catastrophe 
(earthquakes, floods, torrential rain and fire).
 
Any historic building located in an active 
earthquake is subject to the slow deteriora-
tion associated with the normal weathering 
of materials and the sudden damage from 
earthquakes.

The Department of Antiquities, now the Su-
preme Council for Antiquities, is doing resto-
ration works and rehabilitation urban projects 
for safeguarding Historic Cairo; yet it did not 
prevent the continuous deterioration in his-
toric buildings, due to the following factors: 

Earthquakes in Egypt

PHOTO 1

PHOTO 2

PHOTO 4

PHOTO 3
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1. Lack of Public Awareness on Antiquities.
2. Population pressure with the historic city. 
3. Traffic congestion.
4. Pollution caused by industry in & around   

historic city.

Negligence may have begun with the Ottomans 
(6th century), when some of the buildings were 
perverted from their original functions and con-
sequently lost the financial support provided by 
the waqfs (Endovements); actual deterioration 
may have begun when spaces within those for-
merly endowed buildings were converted into 
lodgings1

Earthquakes can cause devastating destruction. 
As we know the earth consists of about twenty 
independent tectonic plates floating on a softer 
inner layer; these plates are in continuous mo-
tion relation to each other because of currents 
in the internal liquid core of the earth. The elas-
tic energy accumulates along the edges of the 
plates and is eventually released with a sudden 
movement, which causes brief strong vibrations 
in the ground, an earthquake.2 

The magnitude of an earthquake is presented in 
degrees on the Richter scale 
(1-9) , while the intensity is expressed in degree 
( 1-12) on the modified Mercalli scale , which 
classifies the damage to buildings. The building 
vulnerability depends on several factors:
a- The distance from the epicentre.
b- The direction 
c- The frequency

1 Ibn Iyas: Bada ’i ‘ az-zuhûr fi waqâi‘ ad-duhûr, III ( 
Bûlâq 1311-12H)300

2 Feilden , B. : Conservation of Historic Buildings, 3 rd 
ed. ( UK- 2003) 121.

d- The content
e- The seismic wave
f- The soil conditions
g-  The structure characteristics of the building 

itself

n the Qu’rân3, holy Book of the Muslims, there 
is a Sure 99 called the Earthquake ( Al- Zalaza-
lah) verse 1 : When the earth is shaken to her 
utmost convulsion , and the Earth throws up 
Her burdens ( from within)  and the human be-
ing cries ( distressed) “ what is the matter with 
her? On that day it will proclaim its tidings, for 
that  thy Lord will have her inspiration” 

3 The Holy Qur’ân, English translation of the meanings 
and commentrary, Madinah, Saudi Arabia (1410A.H)

PHOTO 5

PHOTO 6
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Earthquakes in Egypt through history

A significant earthquake happened in the 23 
Dhul – Hiđđa 702 H. / 13 August 1303.
The historian Ibn Dawâdâri[1] (d.1313 
A.D.) gave the following statement: 
“ On Thursday 23 rd of the month Dhul- 
Hiðða before the sunshine the earth was most 
severely shaked in a way has never recorded 
before. The earthquake expanded all over the 
Egyptian and Syrian territories and it contin-
ued for 15 minutes and has the drone of the 
thunder accompanied with a violent wind. A 
whole series of minor tremors followed the 
major shock for 20 days. All over Egypt many 
cities were devastated and the earthquake 
caused a tsunami in the Mediterranean sea 
which caused great havoc to buildings, tow-
ers city wall and the lighthouse of Alexandria; 
the Nile flooded too and sailing vessels were 
thrown to the river bank ; Cyprus was also 
devastated. Many people died under the 
building’s heaps”. 

The historian al-Maqrîzî 4(d.1442) gave more 
detailed information on this event “ this 
major shack which lasted for 20 minutes (5 
degrees). Cairo and other cities in Egypt were 
so devastated as if the country was attacked 
and ruined by war. Many people in Cairo and 
Egypt were engaged in the reconstruction of 
the devastated cities and buildings”.

4 Ibn ad- Dawâdâri; Kanz ad- Durrar IX, (Cairo 1960) 
100-102, edited by Hans Reomer.  The note Maqri-
zi: Khit,at, I (Bûlâq) 942-3. One degree= 5 minute

PHOTO 7

PHOTO 8

PHOTO 9



10 Cultural Heritage without Borders • Earthquake Protection in Historical Buildings

PHOTO 12 
Ali Katkhuda House

Historical  treatments to reduce earth-
quakes effects
 
Not reinforced masonry buildings, in general, 
react poorly in an earthquake and need to be 
tied together to help them retain their structural 
integrity. 

During an earthquake, masonry walls crack and 
sometimes crumble with dislodged bricks and 
stones falling from minarets, parapets, walls, 
projecting balconies and ornaments, injuring or 
killing people and damaging other parts of the 
building and /or adjacent buildings. 

PHOTO 11 
Bimarstan Qala’un

PHOTO 10

PHOTO 13
Al-Azhar Mosque

PHOTO 14
Lead between column shaft and pedestal 

(pendulum column)

PHOTO 15
Al-Hakim Mosque  11th Century

PHOTO 16
Al-Aqmar  mosque 12th Century 

Wooden ties at the springing of arches

PHOTO 17
Al-Maridani Mosque mid 14th Century  

Horizontal wooden tie beam in both directions 
above column capitals connecting columns 

together, with vertical structure and  
column with outside enclosure

PHOTO 17.1
Madrasa & Mosque Al-Mu’ayyad 

Second decade 15th century.  
Horizontal wooden tie beam in both direction 

above column capitals connecting outside stone 
walls with internal structure

The photos displayed on the following page 
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Dome Behaviour

When such calculations are carried out, it was 
found that while there is compression along 
the whole of the meridians (the curves follow-
ing the intersections between the dome surface 
and vertical planes through its apex), the cir-
cumferential stresses (along the circles formed 
by the intersections of horizontal planes with 
the dome) change from compression to tension 
when the slope from horizontal of the surface of 
the dome reaches a certain value that depends 
on the shape of the dome and the distribution 
of the load . For a part- spherical dome with 
uniform load per unit area of its surface (such 
as a self weight) the angle is 51.8°.

If a dome has to act as membrane shell, it 
therefore has to have a certain tensile strength 
in the circumferential direction unless it is rather 
shallow. If this is not the case there is another 
way.

The second simplifying assumption abandons 
the concept of the thin shell and represents 
the dome by a series of arch ribs. Each arch rib 
consists of two opposed “ orange segments” 
formed by cutting the dome (with its real thick-
ness) by two vertical planes intersecting at the 
apex.
If it is possible to construct a thrust line for 
the forces acting on one such arch, such that 
is does not get closer to either the intrados or 
extrados of the arch than the value appropriate 
to the material (one tenth of the thickness for 
stone and, say, one fifth for brick), then each 
arch is stable and strong enough. If each arch 
is stable and strong enough, then clearly the 
dome is stable and strong enough even though 
it may show cracks along the meridians. 

Stones of lower coarse of the dome (rings ten-
sion) are connected together with dovetail hard 
wood) Lamei, S.: Loster und Mausoleum des 
Farag ibn Barquq in Kairo, Verlag Augustin1968 

PHOTO 18
Ref. Beckmann, P.: Structural aspects of building 
conservation

PHOTO 19
Ref. Beckmann, P.: Structural aspects of building 
conservation 



It is really amazing to notice that even such 
structure theories are not known at that time- 
medieval period- we have found in some domes 
erected in 15th. century that the lower tension 
zone of the domes they used dovetail hardwood 
pieces to connect the stones in that area.  
Minarets lost its upper part as well as balcony 
parapets after the earthquakes, during 19th cen-
tury; poor consolidation work was undertaken by 
building the spaces between columns with brick. 

Minaret of Qalâ‘ûn complex 

An example, for the ties in historic building is 
Qur’an School attached to mosque in Rezayieh in 

PHOTO 20
Mausoleum of Faraq ibn Barquq wooden ties 
inserted in transition zone of the mausoleum,  
early 15th century

PHOTO 21
Monastery Faraq ibn Barquq Mausoleum Dome 

PHOTO 22
Monastery Faraq ibn Barquq Mausoleum Dome 

PHOTO 23
Minaret cross sections

PHOTO 24
Minaret 1,7

PHOTO 24a
Minaret 1900

24 24a23

20 21 22

The above displayed photos are: 
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northwestern Iran. The springing of the arches 
supporting the domed roof had originally con-
necting ties in the form of slender tree trunks. 
At some stage the ties had been removed and 
in consequence the arches had spread so that 
the external walls were now leaning out so fart-
hat their stability was in jeopardy. The remedial 
scheme was carried out and consisted of steel 
beams being placed within the thickness of the 
flat roof between the domes.

The beams were connected to stanchions 
placed within the thickness of the external 
walls. The thrust from the arches was trans-
ferred to the steel stanchions at about two 
thirds of their height and resisted by bending in 
the stanchions, the top ends of which were held 
together by tie beam. 

Earthquake During the 20th century

Since 1906, a group of earthquakes were re-
corded: 67 earthquakes with a magnitude of 
4-5 Richter scale, 11 earthquakes with a mag-
nitude of 5-6 Richter scale5
The one happened near Cairo on October 1992 
with a magnitude of 5.9 to 6.2 had caused a 
great damage in about 200 historic sacral and 
profane buildings in the Historic City. This leads 
the Ministry of Culture to prepare a complete 
rehabilitation project for historic Cairo.
 After the earthquake, I was engaged for emer-
gency inspection, examining the earthquake 
damages in the historic city. The team consists 
of conservation architect, civil engineer aware 
of the values of historical building and expe-

5 Abdallah Yusuf: Siđill : az- Zalâzil al- ‘Arabi (Kuwait 
2002).

PHOTO 25 , PHOTO 26 
Al-Ashraf Barsbay  

Mosque /15th century

PHOTO 28 ,PHOTO 29 
Wooden ties inserted 

within brick wall

PHOTO 27
The whole top storey is 
reconstructed after the 

earthquake 1303 A.D. 
of brick with timber let 

into strengthen it and 
the interior is divided 

by the three half floors 
of wood reached by 

short ladder. 
Creswell: MAE ‡U 2nd 

ed. (USA 1978) 195. 
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rienced geotechnical engineer. There was no 
vulnerability reduction plans.
 We began to determine type and degree of 
damage and in the meantime beginning with 
emergency protection by shoring works to 
prevent future collapse. We used the system of 
documentation, which was developed for use in 
the rescue operations following the Montene-
gro earthquake in April 1979. Many of roofs, 
we observed after the Cairo earthquake of 12 
October 1992, were in such deteriorated condi-
tion that the roof would have to be repaired or 
totally reconstructed before the diagonal brac-
ing could be anchored to the roof. International 
recognized coloured system is superimposed on 
maps to facilitate the work.

As earthquake shocks are transmitted to the 
building through its foundation, therefore the 
geology of the site as well as the ground wa-
ter should be investigated and the foundation 
should be inspected. After the earthquake of 
1992, a seismic study, to be done by special-
ized structural engineer, was recommended 
by the municipality as well as examining all 
weak areas in masonry building and bonding 
the walls with the roofs and floors as well as 
strengthening the wall filling by grouting with 
hydraulic lime mixed with acrylic emulsion or 
styrene butadiene rubber (SBR) or polyvinyl 
acetate (PVA) to improve the tensile strength of 
the masonry binding mortars and consolidate 
friable lime mortar.

PHOTO 30 Ref. Beckmann, P.: Structural aspects of building conservation



16 Cultural Heritage without Borders • Earthquake Protection in Historical Buildings

Deterioration of monuments and 
effect of earthquakes on minarets 

I present here some examples from Cairo which 
had suffered from earthquake happened during 
the 19th Century.                        

1- Al Kurdi Madrasa: 
(Monument 117;  797H./1395A.D.)

The School is located at one of the main spins 
outside Zuwayla Gate the southern gate of 
historic fatim’d city, founded by Gamaladd’n 
Mahmoud ibn Asfar ' Ainu al-Ustad’r. 

The minaret rests, on the Mosque's roof, carried 
by a group of wooden girders, which, in turn, 
rest on stonewall supported by pilasters.  These 
wooden girders are deteriorated.  An obvious 
inclination of the minaret's structure towards 
the street was noticed.  The minaret is 18.65 
m high above the roof level, and the inclination 
angle is 1° 19˝ towards northwest. Presence of 
wide joints and hair crack can be noticed, par-
tial cracking in the minaret’s body too.  

Cracks in muqarnas rows in minaret third storey
1993 Structural analysis has been conducted to 
determine the stresses under the different kinds 
of loads. The minaret should be protected from 
further inclination by shoring the basement just 
below the minaret body, especially at max posi-
tive stresses. 

PHOTO 31
Minaret lost its upper storey, domes are 
deteriorated too. (Ref.: Ihsanoglu, E.: Egypt as 
viewed in the 19 th century)

PHOTO 32
The open space between the columns in the 
upper part of the minaret are closed by stone 
for consolidation. (Ref.: Ihsanoglu, E.: Egypt as 
viewed in the 19 th century, Istanbul 2001)  

PHOTO 33
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Strengthening and reinforcement of 
minaret

Strengthening of the minaret contact area with 
the mosque to ensure the transferring of the 
lateral shearing forces at the minaret’s base 
to the side walls that are perpendicular to the 
façade’s wall and consequently to the ground 

For stability improvement of the minaret as well 
as direct transfer to the main sidewalls of the 
entrance portal the following proposal was sug-
gested to relieve the load on the cracked hood 
of the main gate. 19 mm diameter high tensile 

PHOTO 34
West façade

PHOTO 35
Minaret before restoration

PHOTO 36
Minaret during restoration

PHOTO 37
Ref.: Bacharach, J. (editor): The restoration and 
conservation of Islamic monuments, AUC press

PHOTO 39
Minaret location on the entrance portal

PHOTO 38
Tension & compression stress distribution in 
minaret in X,Y,Z directions

34 35 36 36

The above displayed photos are: 
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stainless steel rods treated with a protective 
coating, inserted into wall, inserted inside holes 
injected by a cement grout, reinforced concrete-
pads installed at the end and fixed from the 
opposite side by steel plates 10x 10cm. 

Cracks in the entrance portal hood will be filled-
in by a mixture of polymers and fine stone pow-
der in the ratio of 1:6; Cracks in the entrance 
hood will be cleaned before filling by a fine 
brush or by compressed air.
• Cracks in marble column carrying the upper 

melon dome of the minaret third storey will 
be injected by epoxy resin. 

Other examples shown in the lecture are as fol-
lows
KHAYER BEK MINARET (MONUMENT 248 / 1502 
A.D.)
UMM AS-SULTAN  SHA’BAN MOSQUE (MONUMENT 
125) 770 AH / 1368 A.D.
MOSQUE OF SHAIKHU (MONUMENT 152) 750 AH / 
1349 A.D.
PALACE OF AMIR TAZ (MONUMENT 267) 753 AH / 
1352 A.D.
THE GREAT AQUEDUCT MADRASAT SARGHATMISH 
(MONUMENT 218) 757 AH / 1356 A.D.
SULTAN QA’ITBAY DRINKING TROUGH FOR ANI-
MALS (MONUMENT 72) 882 AH / 1477 A.D.
ALI KATHUDA HOUSE (MONUMENT 540) 1716 A.D. 
THE CITADEL 

FOR ALL ADDITIONAL INFORMATION 
PLEASE CONTACT

Prof dr Saleh Lamei 
 
Center for Conservation & Preservation  
of Islamic Architectural Heritage (CIAH) 
P.O.Box  764 (11511) 
85, Ramsis Street 
Cairo, Egypt.
Tel     +20 2  575-2495 / 577 6122 
Fax    +20 2  574-8872  
E mail   Saleh.Lamei@ciah.biz ;  or info@ciah.biz 
Web   www.ciah.biz

PHOTO 40

PHOTO 41
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Prof. Dr Ashraf Mahmoud Gamal El Din Osman

Why it is important to restore historical buildings?

Ancient monuments and historical buildings are valuable structures that bear witness to the 
culture and traditions of the people throughout the past centuries. It is our responsibility to 
safeguard, preserve and hand them in intact form to future generations.
   Venice Charter 1964

Why monumental buildings, which already survived for a long period and may be experienced 
major earthquakes during the past need to be seismically restored now? 

What are the differences between seismic restorations for historical building and ordinary 
modern structures?

Structural Preservation of  Historical Buildings in 
Seismic Area

Many monumental structures during the 
past century were collapsed or heavily 
damaged during earthquakes. Such 
seismic vulnerability is attributed to:

- The effect of cumulative damage resulting 
from past earthquakes.

- The aging process and adverse environmen-
tal conditions that progressively reduced the 
strength of the construction materials.

- Possible faulty past repair or restoration in-
terventions.

- Possible soil settlement and damage to 
buildings foundations 

      due to change in surrounding conditions.
- Possible weakness inherited by the original 

structural materials and systems to resist 
earthquake loads.

The Difference between Seismic 
restoration of historical structures and 
ordinary modern buildings are:

-   Priority is given to preservation of the es-
thetic, Architectonic and historical value 
instead of keeping them operational.

 -  They are already constructed from materials 
different than concrete, masonry and steel 
currently used in new construction practice.

Review of Structural Systems for 
historical buildings and modes of failures 
recorded during earthquakes.

- Phronic and Greek era
-  Roman era
 -  Byzantine and early Islamic era (9th to 14th 

century)
 -  Gothic and late Islamic era (14th to 18th 

century) 
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Modes of Failure for Freestanding 
Objects due to Earthquake Loads

Examples that were shown as well: Mamnon 
Colossi, Luxor, Egypt, (14th century B.C) Drums 
showing sliding response  after 1981 earth-
quake, Parthenon Temple - Greece

 Examples that were shown as well:
Local wall failure - Northern Shaykhou Mosque 
after 1992 Cairo earthquake Deterioration of 
Minaret Base (Mangaq Al-Youssfi Mosque) 
Damage to Marble posts supporting the Gawa-
sakof the Minaret (Failure of  the Minaret for 
Umm Al-Sultan Shaaban Mosque) Restoration 
of Northern Shaykhu Mosque Minaret Dam-
age to marble posts supporting the Gawasakof 
the Minaret Restoration of Northern Shaykhu 

Minaret  

PHOTO 1
Collapse pattern for columns

PHOTO 2
Ramsis II Tomb (Ramesseum)  
Entrance (1298- 1235 BC) Luxor - Egypt  

PHOTO 4
Typical cross section of walls in  
Roman/Islamic/Byzantine  Building

PHOTO 3
Collapse pattern for arches

PHOTO 5
Scheme of typical structural  failure for vaults
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PHOTO 6
Collapse sequence for a gothic arch subjected to settlement 
and seismic forces  

PHOTO 5
Different failure patterns  observed in the walls  of historical buildings after earthquakes

PHOTO 7
Minaret top section failure Northern Shaykhou Mosque (Bahari Mamluk - 1349 A.D.) 

ç
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PHOTO 13
For minaret and 

bell towers

The Structural Restoration Procedure 

Temporary Shoring 
In-situ Investigation
 - Geometrical and construction survey
 - Pathology of structure
 - In-situ soil investigation
 - In-situ destructive and non-destructive tests
 - Monitoring process
 
Geometrical and Construction survey
-  Historical Investigation (Collecting docu-

ments, Plans, Photographs and drawings 
from archives).

 -  Visual Inspection (recording the levels of 
stone deterioration, visible cracks, failure 
pattern, structural systems, tilting or bulg-
ing to walls and confirming through simple 
measurement by hand the results of the his-
torical investigation). Camera can be used 
for documentation.

 -  Collecting Construction and Structural data 
(date of construction for each part of the 
building, level  of seismicity at site, avail-
ability of construction materials similar to 
original ones, information on water sources, 
lakes and response of similar structures dur-
ing past earthquakes).

PHOTO 8, PHOTO 9
Bassala failure during 1992   

PHOTO 10 
For cracked walls

PHOTO 11
For arches

PHOTO 12
For cracked beams 

8 9
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Pathology of structure 

Preparing full set of drawings showing:
- Deterioration and weathering to stones used 

for constructing the building (Deterioration 
maps).

- Maps for visible cracks

In-Situ soil investigation 

Drilling boreholes:
- Explore soil stratification and obtain sam-

ples for subsequent lab tests.
- Conducting SPT, CPT, DMT tests and seismic 

tests to identify the soil shear strength, soil 
shear modulus, shear wave velocity and soil 
susceptibility to liquefaction.

- Fixing peizometer:
- To determine the level of the ground water 

table during a period of time.
- Excavating Open pits:
- To identify the foundation level
- Explore the foundation conditions
- Determining the geometrical dimensions of 

the foundation 

In-situ destructive and non-destructive 
tests
-    Endoscopy to get a full picture
- Flat jack technique
- Mortar penetration tests
- Mechanical pulse technique to check hidden 

voids
- Ultrasonic pulse velocity
- Ambient vibration tests on facade for a his-

torical palace

Monitoring process
- Monitoring Temperature Variation
- Wind direction and wind speed
- Humidity
- Total Movement of the structure and verti-

cality of towers and minarets 

Laboratory tests
- Determination of chemical and mineralogi-

cal properties of the construction material
- Soil tests on samples taken from boreholes
- Determination of mechanical properties for 

stones and mortars.

Laboratory tests

Testing models

Numerical analysis of original structure    
-  Objective
 Determining the level of stresses within the 

monumental structure under different load-
ing conditions and assessing possible modes 
of failure.

PHOTO 14, PHOTO 15
Quasi-static test conducted on the facade of a  
Palace in Rome  
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 -  Problems associated
 Determining g the constitutive models for 

the elements and the failure criteria.
 Determining the ductility factor for the 

building. Determining the scale design spec-
trum or the scaled accelerogram that should 
be used in the analysis 

Modeling techniques
Modeling with finite element method
Modeling with finite element method with dis-
continuous elements
Modeling with finite element method with dis-
crete elements

Modeling with finite element method 
Intervention 
Enhancing the in-plane strength/stiffness or 
ductility of the walls forming the monumental 
building.
Any freestanding element should be strength-
ened in order to sustain the applied forced.

All walls must be efficiently tied together to 
form a box system, and to avoid separation at 
joints during earthquakes.

Out-of-plan strength for walls should be en-
hanced.

PHOTO 16, PHOTO 17, PHOTO 18
Umm El-Sultan Sha’baan Mosque and School
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At floor and roof levels rigid diaphragm able to 
transmit the inertia forces to the walls should 
be formed.

Capacity of foundation system should  be en-
hanced to avoid any differential settlement and 
to be able to withstand excessive forces due to 
earthquakes.

Changing the structure dynamic characteristics 
to make experience less earthquake forces. 

Restoration techniques
Reversible
Restoration techniques that permit easy cor-
rective action at a later date if necessary and 
impose very few restrictions on the structures.
Advantages:
 a) If they prove inefficient or of low durabil-

ity, they can be  without damage to original 
fabric.

 b) If better techniques or materials are de-
veloped, they can be replaced easily.

 c) The artistic or historical evidence is not 
falsified.

Irreversible
Restoration techniques that considered perma-
nent and cannot be undone without damage to 
the original fabric. 

Advantages:
 a) Some times it is necessary, especially 

when re-establishing 
 The structural integrity of the building is the 

issue. 

Reversible techniques
- Strengthening arches by ties

- External buttresses
- External pre-stressed/un-pre stressed (steel 

or fibre reinforced plastic bars)
- Retrofit of dome lantern in Assisi 
- Retrofit of the dome of St Charles
- Lateral confinement of walls using confine-

ment connectors
- Reinforcement laminates
- Pre stressed unbounded stitches 
- Improvement of the strength and stiffness of 

existing diaphragm

Irreversible techniques
- Grouting
- Deep rejointing
- Rebuilding of part of the facing of walls 

where these have fallen bodily
- Bonding of new bricks across cracks after 

grouting and cutting out to each side
- Stitching of walls with re bars
- Reinforcement of masonry walls with incor-

porating steel bars of pre stressed tendons
- Strengthening the foundations/underpinning

Materials
Compatibility                                          
Irreversible Method
Durability
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Conclusions 

When structural interventions are made, the 
original structural system should in principal be 
kept unchanged.

In order to estimate the load bearing capacity 
of a monument from dead or seismic loads and 
to make decisions about possible intervention, 
a complicated restoration procedure should be 
followed. This procedure begins with temporary 
shoring and installation of scaffolding for access 
to the monument, and continues with in-situ 
measurements, and investigations, laboratory 
tests, and rigorous structural analyses.

In the event that any structural restoration de-
cided upon, it should be kept in mind that the 
aim of the restoration is to preserve and revel 
the aesthetic and historical value of the monu-
ment and is based on respect for the original 
materials. 

The key to successful restoration is the choice 
of materials and techniques utilized. Techniques 
are classified into two categories: reversible and 
irreversible. Materials used in reversible inter-
ventions usually impose very few restrictions. 
In contrast, materials used in irreversible inter-
ventions impose the following two additional 
restrictions: compatibility of the new materials 
with the original ones; and very long-term dura-
bility of the new materials.

Structural restoration is a highly specialized 
operation, that call for the collaboration of 
specialist in many scientific disciplines such as 
archaeology, architecture, surveying, structural 
engineering and chemical engineering, strongly 
supported by computational methods and well 
equipped laboratories. 

FOR ALL ADDITIONAL INFORMATION PLEASE CONTACT

Prof dr Ashraf Osman
Center For Conservation & Preservation of Islamic Architectural Heritage (CIAH)
P.O.Box  764 (11511)
85, Ramsis Street
Cairo, Egypt.
Tel   +20 2 575-2495 / 575-2477 / 5776122
Fax   +20 2 574-8872 
E mail : ashraf.osman@dargroup.com 
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Disasters:

Natural disasters:
-  Wind, hurricanes, typhoons, tornadoes, 

heavy rain, landslips, avalanches and earth-
quakes

-  Cannot be prevented but can be anticipated

Man-made disasters:
-  War, terrorism including bomb threats, riots 

and panic, gas explosions, release of harm-
ful matter

-  Preventable, but with unpredictable extent 
of damage that they might cause should 
they occur

Skopje Earthquake 1963 M=6.1
Whether the consequences of the armed clash-
es are so specific that they should be separately 
treated?
Are or are not the consequences from war 
devastations similar or the same as the con-
sequences from earthquakes and catastrophic 
fires as far as the cultural heritage is con-
cerned?
When damage or destruction of cultural historic 
monuments is considered, the reason does not 
play a primary role anymore!

Conservation and Earthquake Protection of  
Historical Buildings and Monuments
Prof dr Predrag Gavrilović

PHOTO 1
Traditional building

 PHOTO 2
The Army Club

PHOTO 3
Residential building
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Historic buildings - Specific Characteristics
- Materials (high compressive and low tensile 

strength)
- Construction as a whole (rigid and massive 

forms)
- Severe damaged (gravity effects, human ac-

tivities, natural and man-made disasters) 

Historic buildings - Protection

Successful protection of a historic structure 
- Only a team of experts from different pro-

files
One of the main tasks and problems 
- How far we should go as to the level of 

safety and the extent of the intervention 
Knowing the natural and technological 
risk
HAZARD - the probability that disaster will occur
VULNERABILITY - the sustained degree of loss
RISK - the probable loss, combining the hazard 
of location and vulnerability of buildings

PHOTO 4
Dominican convent

PHOTO 5
Palace Dordic-Mayneru XVII century

PHOTO 6
Clock tower XV century

PHOTO 8

PHOTO 7

4 5 6
The above displayed photos are: 
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Disaster damage in depth assessment

Objective - to present a uniform procedure for 
examining and reporting on damage of build-
ings, establishment of database on disaster ef-
fects and to present a methodology for analysis 
of damage and estimation of economic losses. 
Primary purpose - to assure an adequate 
volume of data for local and national authori-
ties for decision making and undertaking of 
economically justified and technically consistent 
measures for reduction of disaster consequenc-
es in a uniform manner.

Special form for damage assessment for 
immovable cultural property is created 
- containing all the specific characteristics for 
classification of damage and usability and 
extrapolation of the data for economic loss 
analyses.

-  Establishment of priorities and decision 
making for the program of restoration, re-
pair and strengthening

 -  A monument - a structure having an impor-
tant "cultural value" so high that it is neces-
sary to guarantee its preservation, 

 -  A historical building - a building of an ur-
ban area, which has a "cultural value" as 
a whole, while a single building is not a 
monument, 

 -  To state the definitions - Conservation, Res-
toration, No int., Consolidation, Stabiliza-
tion, Anastylosis, Repair, Strengthening, 

 -  Decisions for repair and strengthening - 
thoroughly clarified and justified in advance 

PHOTO 9

PHOTO 10

PHOTO 11
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Repair and Strengthening of 
Historical Monuments and Buildings

"Code for Historical Buildings and Monuments"

"Guide", "Recommendations", "Resolu-
tions", "Charter” and Development of scien-
tifically based methodology for REPAIR AND 
STRENGTHENING of historical monuments and 
buildings in the process of their protection
The methodology for repair and strengthening 
should encompass the following:
Definition of expected natural and technological 
hazard

Definition of soil conditions and dynamic behav-
iour of soil media
Determination of structural characteristics along 
with the bearing and deformability capacity of 
existing structures
Definition of criteria and development of a con-
cept for repair and/or strengthening
Design of structural methods, selected tech-
niques,
materials and types of excitation
Determination of the response of repaired and/
or strengthened structures 
Definition of field works, execution and inspec-
tion

Repair and Strengthening of 
Historical Monuments and Buildings

Materials 
- Reversible interventions - only a few limita-

tions
- Irreversible interventions - additional com-

patibility
   Have new with old materials and their dura-

bility.

Methods: detail analysis of existing structure 
- Sufficient bearing and deformability capacity  

- only repair
- Not sufficient bearing and deformability 

capacity - strengthening (increase of the 
strength or/and deformability)

Structural Strengthening 
- To achieve structural integrity
- To improve the bearing characteristics 
- To strengthen the foundation
- More complex works 

PHOTO 13

PHOTO 12
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Repair and Strengthening Historic Build-
ings – Our Experience 
- Reconstruction of the Town of Skopje after 

the 1963 Earthquake
- Renovation of old towns along Mediterra-

nean coast after the 1979 earthquake
- Retrofitting of Historic Adobe Structures in 

California (GSAP, 1990-1996) 

Reconstruction of Skopje after the 1963 
earthquake 

Repair and Strengthening Historic Build-
ings – Our Experience
-  Strengthening and Repair of Earthquake 

Damaged Monuments in Pagan - Burma
 -  Structural Consolidation and Conservation 

PHOTO 14
Sultan Ahmet’s mosque 

PHOTO 17
Today

PHOTO 16
After the earthquake

PHOTO 15
Hegemonion, Samos



32 Cultural Heritage without Borders • Earthquake Protection in Historical Buildings

of the Monuments at Preah Khan - Historic 
City of Angkor - Cambodia

 -  Seismic Strengthening and Repair of Byzan-
tine Churches in Macedonia

 -  Earthquake Protection of Byzantine Church-
es Using Seismic Isolation 

Research projects on appropriate 
approaches for repair and 
strengthening of Byzantine Churches 
in the Republic of Macedonia  
(1990-2000):

Seismic Strengthening and Repair of  
Byzantine Churches in Macedonia,  
(1990 - 1995)
Realized jointly by the IZIIS, RZZSK, Skopje 
and GCI –LA 1:2.75 scaled model of St. Nikita 
church was constructed and tested  on a seis-
mic shaking table simulating the existing and 
the  strengthened state

Earthquake Protection of Byzantine 
Churches Using Seismic Isolation  
(1999-2000)
Realized within the framework of the joint US-
Macedonia research project and PHARE Cultural 
development program,8 seismic isolators of the 
type of rubber bearings were specially designed 
and produced in the Republic of Macedonia 
base isolated model of the church of St. Nikita 
was tested on the seismic shaking table.

Consolidation and Reconstruction of the 
Structure of the St.Pantelymon Church in 
Plaoshnik, Ohrid
From the archaeological surveys and excava-
tions done in 1942, 1965, 1999 and particu-

larly in 2000, one can clearly define the phases 
of construction of the St. Clement’s church  
dating back to the IX-XIV century, i.e., XV 
century when it was torn down and  the Sultan 

PHOTO 18

PHOTO 19
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Mehmed’s Mosque was constructed upon its 
remains. 
Concept for Consolidation and Rebuilding
-  Consolidation of existing system by lateral 

strengthening using reinforced concrete ele-
ments, a finishing belt course of steel ties 
and masonry and a concrete floor slab, 

 -  Rebuilding of the newly designed structure 
started at level 0.00, with two main criteria 
and requirements:

 1. To use traditional materials used for the 
original church;

 2. To satisfy the stability and seismic safety 
conditions for expected earthquake accel-
erations of amax = 0.36 g, preserving at the 
same time the integrity of the structure

Concept for Consolidation and Rebuilding
Analysis of the Structure 
-   Analysis of the bearing and deformability 

capacity of the structure and performance of 
a non-linear dynamic analysis for maximum 
expected actual earthquake effects with in-
tensity of a max=0.36g with a return period 
of 1000 years.

  - Static and equivalent seismic three-dimen-
sional analysis of the structure by means of 
the computer package SAP 2000. 

Another shown examples were:
- Reconstruction, Seismic Strengthening and 

Repair of the Structure of the St. Sanastha-
sius Church in Leshok

- Kurshumli Mosque in Peja

PHOTO 21
Cross section of the structure

PHOTO 20
Plan of the structure at the level of -0.22m

PHOTO 22
Bearing massive walls 4083 SOLID Steel vertical 
and horizontal strengthening elements 
10613-DTRUSS  
The vaults and the domes 256 SHELL 
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Conclusion

-  Un doubtful is the importance of the historic 
monuments, the admiration and respect 
that they arouse in the modern world as the 
only testimony of human existence, creation 
and achievements in the past. 

 -  We mustn't allow that either the globalisa-
tion process or any other social, political, 
economic or technological process take 
place in the world, ignoring the genesis of 
development of the human environment and 
the achievements of the human civilization 
in its course.

FOR ALL ADDITIONAL INFORMATION PLEASE CONTACT

Prof dr Predrag Gavrilović
Institute of Earthquake Engineering and Engineering Seismology
University "St. Cyril and Methodius"
P.O. Box 101; Skopje 1000; 
Republic of Macedonia
Tel:    (+ 389 2) 317.61.55/17.70.15
Mobil (+389 2) 70 350 583,
Fax:   (+ 389 2) 311.21.63
E-mail: predrag@pluto.iziis.ukim.edu.mk

PHOTO 24, PHOTO 25
Realization 2001 – 2002

PHOTO 26, PHOTO 27, PHOTO 28
Realization 2001 – 2002

PHOTO 29, PHOTO 30
Realization 2001 – 2002

PHOTO 23

 The photos displayed on the previous page 
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The Ferhad-Pasha's Mosque was located in the 
zone between Crkvine Stream (Crkvene) and Vr-
bas River, in the former Donji Seher-Banja luka. 
Ferhadija was built in 1579 by Ferhad Pasha 
Sokolovic as one of his numerous donations.

Most likely, one of Sinan's students expertly 
built Ferhad- Pasha's Mosque, wanting to 
examine new constructional methods as an ex-
periment and prototypal facility before building 
Sultan Murat III's donation in Manisa. Indeed, 
such a building could be the product of highly 
educated mimar (constructor) and muhendis 
(engineer) at that time. Complex of the Fer-
had-Pasha's Mosque consists of buildings as 
follows: Ferhad-Pasha's Turbe, Turbe of Ferhad-
Pasha's standard bearers and Safi-Kaduna's 

Turbe (some legends say that she was Ferhad-
Pasha's granddaughter).
Properties that make Ferhadija one of the most 
interesting and most significant monuments of 
Osmanli art in our country are as follows:
- Tetimas with their specific vaults, 
- Combination of truncated dome, located 

above mihrab premises, main dome and sid-
ed semi-vaults make a uniquely constructed 
structure, 

- Two stair cases used for access to mahfil, 
before Ferhadija, such a construction was 
built at Jahja-Pasha's Mosque in Skoplje, 
1503/04, only (in former Yugoslavia).   

Historic Masonry in Seismic Area - Interventions 
on Ferhad-pasa's Mosque
msci Čaušević Amir, msci Skoko Milorad

Introduction- Ferhad-Pasha's Mosque's history and its importance

PHOTO 2
The basic layout of the groundfloor

PHOTO 1
Ferhad pasha’s mosque
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Structural assembly of the Ferhad-Pa-
sha's Mosque
The Mosque is a type of so-called multi-room 
domed mosques with indented base. Spacious 
attached constructions make a homogenous 
unit with sub-domed premises and they do not 
have their special purpose or special side por-
tals. 
At the base, the dome gradually transforms into 
tambour, thickness the same as the dome, with 
12 windows. Emphasized supports contribute 
to stability. 

Reconstruction of collapsed part of  
minaret in 1969
Minaret is strikingly slender structure marking 
the towns with a dignified presence. The part 

of the minaret of the Ferhad pasa's mosque, 
above gallery for muezzin, collapsed and fell 
down in the earthquake in Banja Luka in 
1969(magnitude intensity was 8,3). The rest 
of the building remained sound in general. The 
minaret before strengthening is illustrated be-
low and in figures. 

The following Alternative schemes were consid-
ered:

 -  Rebuilding of missing part of minaret
 -  The addition of an internal reinforced    con-

crete skin.

The first seemed a simple and elegant solution, 
which would leave no visible traces. It was 

PHOTO 3
Elements of the structural assembly of the Ferhad-pasha’s mosque



however, considered impracticable because 
this solution didn't guarantee de manded 
safety level. The second solution was therefore 
adopted. The justification was that the concrete 
is stronger, but as we know, it is not necessarily 
longer lasting. A skin 6, 0 cm thick, was con-
structed over the whole internal surfaced of the 
minaret walls as shown in PHOTO 5.
The chief load combinations to be considered 
are dead load plus seismic load and for tall 
structures on exposed sites dead load plus wind 
load.
A linear dynamic analysis was recommended 
in section for determination of internal forces 
due to seismic loading in tall slender structure 
of this type. A dynamic analysis of this kind was 
recommended for the slender minaret like struc-
ture, which is easily modelled as tube. Once 
the loading has been determined, stresses can 
be calculated statically, again assuming linear 
elasticity. 

Earthquake loads were taken from that time 
Yugoslav code for intensity in the range MSK 
VIII to IX. The fully calculations are no longer 
available, so that is possible to present only the 
principal conclusions.

The critical cross section is 8-8 above gallery for 
muezzin where actually minaret collapsed. Be-
low cross section 5-5 stresses were even greater 
then this in critical section, so it was difficult to 
correctly explain reasons for minaret collapse.
Possible reasons for this collapse were:
 -   Changes in rigidity at the critical section (it 

was necessary strengthen this section by 
vertical bars)

-   Door opening at the critical section (entrance 
to the gallery muezzin) - No adequate re-
building of this part of minaret after canon 
missile made whole in it  

The circular frequencies and deflections of the 
first three natural modes of vibration were then 
calculated (T1=1, 19 sec; T2=0,196 sec; T3=0, 
03 sec).  According to static calculation critical 
moment due to seismic action takes value of 
1656, 80 KNm.
Figures are based on the calculations and draw-
ings supplied by  prof.dr. Ismet Tahirović

Strengthening 1986
The structure of the Ferhad-Pasha's Mosque 
was strengthened in 1986 and interventions 
are presented in this part of paper. After the 

PHOTO 4 PHOTO 5
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earthquake in 1981 (magnitude intensity was 
6, 0) minaret was affected by decay and cracks 
that were visible. Main dome was, also, in poor 
condition (lot of visible cracks), that adequate 
measures for its repair and strengthening were 
planned, designed and realized. The cause of 
this cracks were tensing stresses at remaining 
lower part of the dome till the support, and 
they were technically solved through installation 
of steel bars (6) into halls drilled through this 
part of dome by special equipment. At that time 
Banja Luka area was a part of the seismic zone 
VIII. These calculations were made according 
to the Yugoslav Seismic Code for intensity MSK 
VIII .The circular frequencies and deflections of 
the first three natural modes of vibration were 
then calculated. Strengthening was, however, 
decided upon, on account of the observed 
cracking and the adverse indications of the 
calculations in relation to the normal safety 
requirements.

To take off tensing stress, which appears due 
to seismic movements, it was recommended by 
eng. Ribnikar to install vertical and horizontal 
reinforcing bars 16(10 vertical and 6 horizontal 
bars) (PHOTO 7,PHOTO 8.) sealed with ap-
propriate plaster. In order to avoid disturbance 
of minaret's architecture, vertical and horizon-
tal bars are to be installed into inner side of 
minaret into already prepared  openings. This 
would be much more effective if that bars had 
been installed into outer side of minaret. It was 
necessary to perform this intervention along 
major part of the minaret from the base, and it 
was necessary to pay special attention to sec-
tions with high decreases of cross-sections at 
the place of “šerefet” and immediately after it. 

At the same time minaret was connected with 
mosque's wall by inclined tensions (bars 16). 

Rehabilitation of the Ferhad-Pasha’s 
Mosque (Project 2003)
The Mosque was completely destroyed on 07 
May 1993 at 03.05, and  fragments were trans-
ported to the local garbage disposal at Ramići. 
(PHOTO 12; PHOTO 13)
The aim of this project was to construct an au-
thentic facility using authentic materials, while 
respecting the principles of aesthetics and ap-
proaches of ancient builders, “Where it was, 
and just like it was”. The facility will be recon-
structed to the same condition as it was before 
destruction using similar construction methods. 
This should be done without any change in 
the external appearance. It is foreseen that it 
will be difficult to comply with this principle, 
due to significant developments in architecture 
since the initial construction. Use will be made 
of original materials recovered from the waste 
disposal facility, and from the site, because 
they are unique portions left of the destroyed 
monument and have an historical value to be 
preserved. Unfortunately, these fragments were 
exposed to adverse weather condition and ag-
ing effect, and material degradation effects for 
much longer time.
The major part of the facility is built of carved 
stone blocks made of crystal travertine with 
addition of “small, compact and spaced struc-
tures” built of tugla at delicate and important 
sections such as domes, semi-domes and 
pendentives. These structures contribute to the 
rigidity of the construction as whole. A large 
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obstacle is the issue of simultaneous satisfac-
tion of current regulations for mechanical resist-
ance and stability; and conservatory terms for 
preservation of original architectural forms. 
When performing calculation for the dome we 
have value-limited ring-like tensing stresses at 
remaining lower part of the dome till the sup-
port, and they will be technically solved through 
installation of iron bands (thin round), i.e. tights 
will be set at peripheral part of lower support-
ing ring passing through and partially around 
the belt drum (or tambour), or as another pos-
sibility to solve problem we can use carbon 
reinforced fiber composite NSM CFRP cylindrical 
rods. This is a technique extensively used for 
western European historic structures and seems 
very appropriate for reversible interventions. 
Advantages of this type of interventions are: 
Easy to handle and transport; ability of real-
time monitoring; Excellent fatigue and fracture 
resistance; high specific strength properties (20-
40% weight savings); lower thermal expansion 
properties; resistance to chemical agents and 
ipermeability to water; tailor made solution; 
outstanding corrosion resistance; lower tool-
ing cost alternatives; in comparison with con-
ventional material very good ratio rigidity/self 
weight.

Tension force 
Ζ= 7,2+1,6+9,6=18,4KN/m I δT=

18,4=0,0
Equatorial tensing stresses are present at the 
lower part of the dome. Tensing capacity of 
built constructions is very low. The tambour 
under the dome has ring-like stresses, and it is 
tensile. Since openings are placed here, even 
when minor defects occur, as experienced, 
radial cracks occur from the top of the window 

PHOTO 7

PHOTO 8

PHOTO 10, PHOTO 11
Figures are based on 
the calculations and 

drawings supplied by 
eng. Stojan Ribnikar

0,35



to the apex of the dome. It is necessary to in-
stall horizontal reinforcement above and under 
window openings. This is in effect for truncated 
domes too.  

Walls of the Mosque, 1.05 m thick, vertically 
loaded mostly and horizontally by wind. These 
walls are built of quality carved stone and they 
are constructed with overlaps and joints cov-
ered with lime plastering mixture with clamps 
strengthening in specially designed holes cast 
by lead. The role of the lead in the entire system 
is to seal the openings, protect the iron from 
corrosion, and absorb the sudden tectonic im-
pact on the hard stone surfaces. As horizontal 
support of walls, two hatulas are set-10/10 cm 
horizontal oak girders at end of walls and rails, 
set at 1.50 m distance one from each other, 
join them. Throughout wall height, hatulas are 
set at each 2-3 m, depending on space (PHOTO 
16, PHOTO 17). Relatively rigid and thick walls 
of the mosque are exposed to significant hori-
zontal loading due to seismic movements. 
Damages of walls can also result from low qual-
ity of used building materials or their wearing-
out due to exposure to weather or some other 
physical or chemical factors.

Minaret
In 2003 the internal forces and moments were 
recalculated using computer facilities that had 
not been available in 1967 and 1985. This cal-
culation was made according to the Yugoslav 

Seismic Code JUS U C7.121 (122 and 123) 
dated 1988 for intensity MSK IX. The regula-
tions passed in 1981 in former Yugoslavia and 
corrected in 1987 are still effective in Bosnia 
and Herzegovina. At that time, these regula-
tions were acknowledged as top world since 
they were designed in cooperation with foreign 
experts. Taking into consideration the fact  that 
Banja Luka area is nowadays a part of the seis-
mic zone IX dominant are seismic influences in 
the construction of the minaret. 
Seismic action are largest action that effect 
minaret and endangers it, not only because of 
the intensity of the forces but especially be-
cause masonry structure are not design to deal 
with tensions.

Assuming no tension, it was found that the 
stress was exceeded at the critical section even 
when only self-weight and static wind load 
were considered. Normally, it was exceeded 
to greater extent under dynamic wind load or 
earthquake load. According to static calculation 
critical moment due to seismic action takes now 
value of 3902, 00 KNm. 
This moment demands such a huge amount 
of steel bars (59, 20 cm2) which is nonsense, 
because we can't even placed it in appropriate 
way into minaret “body”. 
Influence of earthquakes (IX seismic zone) is 
effective regulation for condition of shear stress 
of minaret. To take off tensing stress, which 
appears due to seismic movements, it is recom-

PHOTO 12
The photos were taken immediately after mining

PHOTO 13
Cleaned location
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mended to install vertical carbon, reinforced 
fiber composite NSM CFRP cylindrical rods 
sealed with appropriate plaster. It is necessary 
to perform this intervention along major part 
of the minaret from the base, and it is neces-
sary to pay special attention to sections with 
high decreases of cross-sections at the place of 
“šerefet” and immediately after it. This type of 
interventions was not approved by principal. For 
vertical individual constructions such as clock 
towers, towers, minarets, stiffening capacity 
is increased via installation of vertical iron ele-
ments or some synthetic fibres. It is proposed 
here to achieve the sufficient tensioning capac-
ity. This procedure prevents further damaging of 
the facility, and provides the satisfactory capac-
ity level.
The fiber model assumes that the structure have 
a certain number of axial fibers rods to reduce 
tension stresses. Fiber reinforced materials with 
wide range of strengths; elasticity's are very 
suitable for this kind of interventions.  

Foundations
According to recent data gathered at the site, 
width of existing foundation strips under walls 
of the mosque is approximately 1.45 m in the 
level of surrounding ground. The intention is to 
keep existing foundations and analyses of foun-
dational construction are based on this assump-
tion. Reconstruction of the mosque includes 
sustaining of authentic geometry and materials, 
so no additional loadings are introduced com-
paring with previous ones. Condition of existing 
foundational construction will be thoroughly ex-
amined, after reconstruction works commence 
i.e. excavation. If necessary, improvements or 
boosting will be performed.
Foundation is to be set on 1.45 m wide foun-

dation stone strips, and at the depth of 3.0 m 
with cascade widening, as recommended by 
geological reports. Minaret is constructed on 
separate foundation with cascade widening at 
the depth of 5.00 m. Data on existing founda-
tion construction are not reliable.
Since foundations are the only one remaining 
construction at the location, it is necessary to, 
once the conditions are made, excavate them 
and to make the final decision about way of 
foundation and possibility of use of existing 
foundations with eventual strengthening i.e. 
widening. Recommendation of the expert is 
that new materials are not used. 

Conclusions 
Managed by the University for Architecture in 
Sarajevo, the project for rehabilitation of the 
Ferhad-Pasha’s Mosque requires reconstruction 
i.e. construction of the mosque and neighbor-
ing facilities as per their original shape and 
dimensions with application of original materi-
als exclusively. The reason for this approach 
is cultural-historical value of the facilities that 
present high category architectural inheritance. 
Static calculation was done with aim to achieve 
previous purposes to the extent possible. How-
ever, as previously mentioned in the introduc-
tion, there is a disharmony between contempo-
rary technologies - construction materials and 
methods on one hand, and traditional way of 
construction and use of construction materials 
at the time of first construction of the facility 
(second part of 16th century) on the other. The 
aim of static-constructional analyses is to meet 
requirements of preservation of architectural 
inheritance, and to follow contemporary tech-
nology at the same time. Difference of these 
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principles is especially highlighted when it 
comes to seismic security and generally the life-
time of constructional elements of the facility. 
The further text outlines significant problems.

Special problem is implementation of effective 
laws and recommendations, very often lead-
ing to complex and unwarrantable solutions. 
The truth is that they were not designed to be 
implemented in cultural heritage. The behavior 
of the old masonry under permanent and long-
term effects and intense accidental actions rep-

resents an eternally modern. Structural codes 
for new buildings, much less older ones, are 
nor written to ensure that buildings are strong 
enough to survive a large earthquake without 
major damage. We should not forget that the 
objective of the code requirements is to avoid 
collapse. Codes are intended primarily for life 
safety, not property protection.
Since the walls are uneven, inelastic and an 
isotropic, their mechanical properties cannot 
be determined on the basis of the analysis of 
the constituent materials. It would therefore be 
advisable, if possible, to carry out a compre-
hensive research into the adequate model of 
structure.

For historic structures, but also for new designs, 
basic static equilibrium is the most important 
principle.
Nevertheless, the structure had stood for sev-
eral centuries with only minor evidence of pos-
sible weaknesses, until the earthquake in 1969. 
Possible reasons for this were:

PHOTO 14
Suggestion for tightening of the Dome

PHOTO 15
Dome’s stresses       
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- Some tensile resistance of the masonry
- A higher ultimate compressive strength of 

the masonry than the allowable value esti-
mated from the assumed strengths of the 
stone and mortar.

- Overestimation of the loadings in relation to 
those hitherto experienced

- Minaret is with stone staircase ascending 
in the center of the tube supported by the 
walls of the minaret at its edges. This mode 
of building ensures needed stability and 
elasticity of minaret, which is in fact most 
stable part of the building when it comes to 
earthquake or seismic activities. 

- The minaret is divided into foundation and 
tube-like part. Tube part consists of basis, 
pot, minaret itself, šeref, barrel and roof. All 
these minaret elements, except šerefet, are 
built by overlapping with joints in limestone 
plaster with horizontal iron clamps stopped 
in iron with vertical angle screws for šerefs.

In such cases, authorities should decide in 
favor of both requirements, i.e. a declaration 
that will consolidate these two aspects of one 
single issue should be made. The declaration 
should diminish some requirements of technical 
constructional regulations very much oriented 
to contemporary constructional methods, i.e. 
materials. A like declaration was issued in 
neighboring Croatia during the commencement 
of rehabilitation of historical heart of Dubrovnik 
town.

As a matter of fact, there are two possible ways 
to intervene in structure: to improve the struc-
ture behavior and to reduce the seismic effects. 
In order to deal with seismic action Euro code 

PHOTO 16
Walls of the minaret

PHOTO 17
wooden ties
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8 suggests addition of new structural elements 
like: bracings or infill walls; steel, timber or rein-
forced concrete belts in masonry construction. 
The document EC 8-1-4 was particularly made 
because of the following reasons:
- Seismic movements can create in the facility 

such a condition that requires performance 
of extensive repairs

- During construction of ancient facilities, ef-
fects of seismic movements were not taken 
into consideration,

- On the basis of modern technologies, value 
of seismic effects is the factor that indicates 
necessity of boosting,

Computer aided investigations for old masonry 
made in our days mostly use of finite element 
and boundary element techniques. Collapse 
mechanisms and crack genesis with large 
displacements are not easy to simulate using 
finite element analysis. Finite Element Analysis 
programs are inappropriate for historic masonry 
structures. There is an urgent need for pro-
grams to better simulate the structural behavior 
of historic buildings.

PHOTO 18
Minaret
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Protection of historic buildings and monuments 
is a very multi disciplinary and multi phase proc-
ess. Theory and practice are in fine and coordi-
nated relations

For adequate and proper protection we should 
accept that protection of cultural heritage, 
including earthquake protection are divided in 
one closed cyclical three phase process

FIRST OR A PHASE: 
pre-disaster (preventive-preparatory) 

SECOND OR B PHASE: 
during and immediately after disaster event

THIRD OR C PHASE: 
long-term activities after disaster event

Designing and implementation of such a 
framework means:

Planning of duties and tasks of the national and 
local authorities;
Other GO and NGO organisations; professionals 
involved;
Owners and users;

According to the:
- Past experience and knowledge on national 

and international level;
- Level of development of the state;
- Approved legal framework;

- Education and training systems for profes-
sionals;

- Use of achievements of information technol-
ogy;

- Implementation and using international 
standards and recommendation relative to 
the protection;  

Principal Elements for Implementation of 
the Process
- Organized and legally established national 

and local cultural heritage protection institu-
tions according to the EU recommendations;

- Adopted legislation measures in accordance 
with EU recommendations;

- Adopted administrative measures;
- Adopted financial measures;
- Improvements of the cultural protection and 

urban and physical planning laws;  
- Adopted and improved educational regular 

and special systems;
- Adopted and improved national disaster 

plans in accordance with international strat-
egy for disaster reduction ISDR;

- Adopted another appropriate and related 
measures;

Phase A Main Characteristics
It is a phase with dominantly theoretical pre-
ventive/preparatory activities with some mini-
mum physical interventions on structures. It is 
easy to define it as “risk preparedness” phase; 
this the longest phase in duration;

Minimum Intervention-Maximum Protection of  
Traditional Architectural Structures in  
Seismic-Prone  Areas
dr Lazar Šumanov
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Some of the main activities and tasks:
Principal tasks:
- Design and implement of the model for na-

tional inventory of cultural heritage;
- Design and implement of the data bank for 

each single object of the cultural heritage;
- Planning and implement of regular inspec-

tion of the cultural heritage
- Planning and implement of maintenance 

strategy and programs;
- Identify of structural and non-structural ele-

ments of the buildings;
- Design and implement of the risk assess-

ment studies;
- Improve the laws;
- Support scientific theoretical and experi-

mental studies for earthquake protection of 
existing cultural heritage;  

Phase A Main Characteristics
Regular Tasks
- Prepare national disaster prevention and 

mitigation strategy;
- Mapping seismicity of the territory of the 

country;
- Prepare the model of vulnerability and risk 

factors for the all territory;
- Support effort for respect of authenticity and 

use of traditional building materials, tech-
niques and methods;

- Produce the guidelines/standards and rec-
ommendation for built cultural heritage;

- Develop and implement of regular and spe-
cial education/training systems related to 
the goals; 

- Publish and web site implementation of all 
achieved results from regular and special 
studies for conservation and for earthquake 

- Protection of the buildings and structures;

Phase B  Main Characteristics
- Phase B has main goal to bring an action for 

human life saving and emergency measures 
for providing temporary shelter to prevent 
further damage of already damaged struc-
tures. Start with realization of the emer-
gency action plan prepared in phase A. 

Main Tasks:
- Saving of human life as the main task;
- Contact with national and local responsible 

authorities for coordination of actions;
- Provide emergency temporary shelters;
- Execute emergency first step - inspection of 

damage territory and sites;
- Dislocation of movable artefacts;
- Record and classify the level and pattern of 

damage;
- Provide emergency temporary repair and 

supporting measures; 
- Complete post damage assessment for the 

needs of national and   
      local authorities;

Phase B Main Characteristics
Mid Term Tasks:  
- Design a list of priority actions (repair/

strengthening,  
      conservation/restoration);
- Collect records and study behaviour of the 

structures during the disaster and compare 
with theoretically predicted in phase A;

- Project design for conservation, restoration, 
repair and strengthening with minimum in-
tervention and maximum respect of intrinsic 
capacity of resistance of damaged structures 
according to different approach regarding 
monuments and historical buildings;

- Organization of international seminars, 
courses, round tables and present past ex-
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perience and proposed measures to improve 
the state of damaged area and buildings; 

- Publishing activities and web site presenta-
tion of gained knowledge and experience; 

- Evaluation of phase a task duties comple-
tion and propose improvement of it;  

Phase C Main Characteristics
- The time duration of phase C is different. Its 

implementation depends of each national 
development level and under the interna-
tional emergency support. it is a phase of 
implementation of the proposed activities in 
phase B.

Main Activities:
- Implementation of all projects and programs 

proposed at the end of phase B; 
- Collect all possible finance resources;
- execution of the projects by skilled and ap-

propriate national and 
      international institutions and experts;
- improve the legal framework and produce 

guidelines for the treatment of cultural herit-
age in seismic prone regions;

- urging execution of regular inspection and 
maintenance programs as one of the most 

important task in the cyclical 
      multi phase process. 

General Remarks:
- No sharp end of phase C in different pe-

riod of time cultural heritage and all those 
involved start with phase A again, but this 
time with more experience and knowledge 
learnt and gained from the past. Circle of 
this cyclical process is closed and we start 
again from the beginning from the phase A 
to the  next disaster event. 

- This is very large and complicated process 
which urge “maximum” fulfilling of the 
task and duties of all responsible bodies, 
designed in the phase A,  to have the mini-
mum intervention for maximum protection 
of cultural heritage  in phase B and C, which 
is not a process with technical but with  very 
philosophical approach.

- Easy to conclude that this seminar in Ko-
tor is activity of phase A, as a preparatory 
action for further activities for repair and 
strengthening of existing historical buildings 
and monuments, more than 25 year of 1979 
earthquake;

FOR ALL ADDITIONAL INFORMATION PLEASE CONTACT
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Some Remarks on Repair and Strengthening of 
Historical Buildings

The restoration of historical buildings differs 
from ordinary buildings. The aim of the restora-
tion according to the Venice Charter (1964) 
is to preserve and reveal the aesthetic and 
historical values of the monuments or historical 
buildings. 
Particularly for structural restoration, the basic 
principles that should be taken into considera-
tion may be listed as:

The restoration in any case must be preceded 
and followed by an archaeological and histori-
cal study of the monument. 

Where traditional techniques prove inadequate, 
the consolidation of a monument can be 
achieved by the use of any modern technique 
for conservation and construction, the efficacy 
of which has been shown by scientific data and 
proved by experience.

The valid contributions of all periods to the 
building of a monument must be respected, 
since unity of style is not the aim of a restora-
tion.

Replacement of missing parts must be inte-
grated harmoniously with the whole, but at the 
same time must be distinguishable from the 
original. 

Additions cannot be allowed, except in so far as 
they do not detract from the interesting parts of 
the building, its traditional setting and its rela-
tion with its surroundings.
Modern techniques and materials are admissi-
ble where adequate capacity cannot be ensured 
by traditional techniques. 

Measures are necessary to protect and safe-
guard fresco and mosaic decoration. This may 
exclude the use of some strengthening tech-
niques that may cause damage. 

Before the repair and strengthening process, 
more detailed assessments should be made. 
Indications of the structural condition to which 
particular attention; cracking of masonry (old or 
new cracks which indicates local stresses much 
in excess of average that is likely to be found), 
deformation of arches and vaults, tilts of walls, 
piers and columns, differential settlements as 
shown by changes in levels, slips or failures of 
tie members, the manner of construction of ma-
sonry and its general structural condition. 

Restoration of  Royal Hunting Mansion Damaged 
in 1��� Kocaeli Earthquake
Prof dr Feridun ÇILI

Introduction
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Izmit Sultan Abdulaziz Royal Hunting 
Mansion 

Brief History of the  Royal Hunting Man-
sion 

The Royal Hunting Mansion is one of the major 
cultural monuments of Turkey and is placed in 
Izmit. It was built in early 19th century during 
the period of Mahmut the 2nd and it was re-
constructed by Sultan Abdülaziz. 
After the declaration of the Republic of Turkey, 
the building served as a government office. 
It has been used for a function of a museum 
since 1967. After the 17 August 1999 Kocaeli 
Earthquake, the building experienced heavy 
structural and non-structural damages. The 
mansion ranks as a major architectural and his-
torical place, partly an account of the fine early 
19th frescoes on its interior walls and ceilings 
PHOTO 1. 

Description of the Structural System Be-
fore Strengthening 

Izmit Sultan Abdülaziz’s Royal Hunting Mansion 
is a two-storey non-reinforced masonry build-
ing with a plan dimension of 14.28mx18.06m. 
The storey heights of the first and second floors 
are 4.40m and 5.60m respectively. The wall 
thicknesses vary from 29cm to 113cm and the 
floors are made of timber. The bearing walls are 
not symmetrical, so the relevant calculations 
show that the  centre of rigidity does not coin-
cide with the centre of mass. After the major 
earthquake in 1999, extensive damages were 
specially observed on the roof parapets, causing 
some of them falling down, PHOTO 3,4,5. Some 
of the walls had serious cracks, which were es-
pecially on the second floor. As a distinct from 
the earthquake damage, some of the timber 
beams were damaged due to the deterioration 
of the timber used, PHOTO 6.  

PHOTO 1, PHOTO 2
Entrance Facade and Ceiling Detail 

1 2
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Method of Repair and Strengthening 

The bearing walls were not capable to resist 
earthquake loads since they had more openings 
as compared with other historical buildings. 
In this respect, all inner bearing walls were 
decided to be strengthened by adding skins of 
reinforced shotcrete. The thickness of the skins 
was 50mm. 

The exterior walls were not available to re-
inforced shotcrete due to the architectural 
reasons. During the shotcrete procedure, holes 
were drilled in the masonry wall, two per m² 
and shear dowels were fixed in the holes by in-
jecting mortar, any remaining plaster and other 
loose material were removed from the surface. 

The surface was sandblasted and then saturat-
ed with water, the reinforcement was fixed and 
the shotcrete was sprayed. In order to improve 
the earthquake performance of the structure, 
an additional lateral truss system using tubular 
steel profiles was designed and constructed on 
the roof level, These profiles were anchored to 
the newly constructed reinforced concrete tie 

PHOTO 3
Damaged area on the corner

PHOTO 4
Damaged parapets 

PHOTO 5
Some damage views on the wall and ceiling.

PHOTO 6

PHOTO 7

PHOTO 8

PHOTO 9

3 4 5

The above displayed photos are: 
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beams, which were arranged on top of the in-
ternal and external walls. All connections of the 
truss elements are bolted to each other when 
necessary and the root of each member was 
embedded into the RC tie beams at the edge. 
Bolted connections were preferred to provide 
the mobility of the retrofit scheme proposed. 

3D static and dynamic analyses have also been 
carried out on the 3D model of the mansion us-
ing ETABS. The masonry walls have been mod-
elled by shell elements, while frame elements 
were used to model the existing timber beams 
and newly added steel truss elements.

Modeling of the Building 
For the masonry elements, linear elastic behav-
ior has been adopted with Young modulus of E 
equal to 7000 MPa, the Poisson ratio equal to 
0.10 and dead weight W equal to 18 kN/m3. 
The dynamic analyses have been carried out 
with reference to the elastic time history analy-

sis of the 17 August 1999 Kocaeli (Yarımca) NS 
strong motion record. The numerical results in-
dicate that the proposed strengthening scheme 
significantly reduces the storey drift ratios at 
some critical points by approximately 60%. 
Also, normal and shear stresses are obtained 
within the permissible limits for this building, 
PHOTO 10. 

PHOTO 11, PHOTO 12
Mode Shapes and Floor Plans (a) Mode Shape Before Strengthening (b) Mode Shape After Strengthening

PHOTO 10
Acceleration history for NS direction of the 17 
August 1999 Kocaeli Earthquake Yarımca Station 
Data 
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CONCLUSION

Earthquakes are the predominant cause of 
structural damage or collapse of monuments 
and historical buildings in areas of high seismic-
ity. Many of these buildings have periodically 
suffered strong seismic actions so only those 
that were well constructed have survived. Struc-
tural restoration is a highly specialized opera-
tion and requires collaboration of specialists 
from many scientific disciplines. 
A 19th century building, namely Sultan Ab-
dülaziz Royal Hunting Mansion, is investigated 

after the 17 August 1999 Kocaeli Earthquake 
in this study. A brief implementation of static 
and dynamic analyses is given based on the 
repair and strengthening process. A repair and 
strengthening procedure based on adding a 
lateral steel truss system on the roof level as a 
stiff diaphragm to improve the 
lateral rigidity of the building was proposed. 3D 
static and dynamic analyses have shown that 
interstory drift ratios, and normal and shear 
stresses on the wall elements can be signifi-
cantly reduced by using this method of retrofit. 

PHOTO 13, PHOTO 14, PHOTO 15, PHOTO 16
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On April 15, 1979, a disastrous earthquake 
struck the coastal belt and, to a lesser degree, 
the inland territory of Montenegro. The intensity 
in the epicentral area was 1=IX/X degrees in 
the MCS, while the magnitude was M=7.0o 
(Richter scale),PHOTO 1, PHOTO 2, PHOTO 3
Otherwice, it was preceded by 319 for-shocks 
and it was also followed by numerous sets of 
strong after-shocks, total 3.020, and the most 
forceful of them happened on May 24. of the 
same year with the magnitude M=6,1o (Richter 
scale).
The maximum values of the acceleration, which 
were registered during this earthquake, were in 
littoral towns Ulcinj, Petrovac and Bar:
- Vertical component 49,3%g (Ulcinj);
- Horizontal component N-S 45,9%g (Petro-

vac);
-  Horizontal component E-W 37,1%g (Bar).
The earthquake itself, with numerous after-
shocks, caused heavy damages on the whole 
Montenegrin shore and also on the large area 
of some communes of continental part of Mon-
tenegro. Otherwice, the earthquake happened 
in the area of more than 50.000km2 on the 
territory of Yugoslavia, including Dubrovnik, 
and hit at the same time the area of Scadar and 
Lesha in Albania.
 In Montenegro vast destruction and damage 
were caused to the urban and rural settlements, 
historic-cultural monuments, to infrastructure 

and the production activities, especially to 
the tourism and industry. More than hundred 
persons lost their lives, more than one hun-
dred thousand inhabitants were left homeless, 
30.000 lost their work; nearly 42.000 buildings 
as well as 1642 historic-cultural monuments 
were destroyed or damaged. The value of the 
direct losses only has been estimated at not 
less than US $ 4,5 billion, at 1979 prices, which 
corresponds to about 10% of the gross national 
income of former SFR Yugoslavia what is more 
than 4 times the national income (GNP) of 
Montenegro, for that year.
Immediately after this earthquake, in 1979, 
were launched a number of national and UN 
regional projects as a joint initiatives of the 
specialized UN agencies and governments of 
Yugoslavia and other Balkan countries, oriented 
toward seismic risk reduction in  earthquake-
prone areas in that region. As extremely sig-
nificant and of  important interest for broader 
international community they are:
- UNDP/UNCHS Project YUG/79/104 (Physical 

development plan of the Republic and mas-
ter plans of Montenegro);

-  UNDP Project YUG/79/003 (International 
Consultative Board for the reconstruction of 
the region affected by the Earthquake);

- UNDP/UNESCO Project RER/79/014 (Reduc-
tion of seismic risk in the Balkan region)/;

Mitigation of  Seismic Risk of  Old Towns and 
Cultural Heritage: Urban Planning and L. S. C. 
Aspects
Dr Božidar Pavičević

Introduction
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-    UNDP/UNIDO Project RER/79/015 (Con-
struction in the earthquake prone-areas in 
the Balkan region).

Also, with reference to the experience gained 
from above mentioned projects (particularly 
through Project YUG/79/104), later were de-
veloped a few other important international 
initiatives and projects related to the seismic 
risk reduction through the physical and urban 
planning. In this context it seems appropriate to 
mention the next longterm regional projects:
- UNEP/MAP Project PAP/83/6 (UNEP/MAP 

Priority Actions programme: Land-Use Plan-
ning in Mediterranean Earthquake Zones);

- UNDP/UNESCO Project RER/88/04 (Perma-
nent Coordinating Committee for Seismic 
Risk Reduction in the Balkan Region).

As an introductory remark to this report, it 
seems very appropriate to plead for some con-
tinuation and rehabilitation crucial ideas and 
intentions of the last two mentioned. 

According to that program, as a measure of the 
highest priority, RZUP suggested the urgent ac-
cess to inspection and classification of damages 
and establishment of usage of all structures on 
the area of earthquake force, and in that sense 
RZUP prepared adequate unitedly methodology 
(in cooperation with experts of IZIIS, Skopje), 
and submitted it to the Executive Council for 
adoption on 19.april. In that way conditions for 
organized and effective approach were present 
for realization of this complex undertaking, that 
is: 
(1) formation of the adequate centralized Re-
public commission (20.april) and then the com-
munes parliament commissions; 
(2) invitation to all republics of SFR Yugoslavia 

PHOTO 1, PHOTO 2, PHOTO 3
Figure 1. (sl. 1.21.) Isoseismal map of Montenegro 
Earthquake on April 15 1979., at 06h 19m 40s 
(GMT), Ml= 7,0  
(by Republic Seismological Institute, Titograd/
Podgorica)
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to form and direct them to Montenegro with 
adequate instructions of about 147 expert 
teams (working groups) and 26 specialized 
groups, by rules each of them per four members 
(architects and engineers); 

(3) Coordination of the whole program by RZUP 
(including daily and weekly  summation of the 
results obtained, with submission correspond-
ent reports to the relevant Republic's bodies). 
Later, after the earthquake since 24.may (after-
shock), the number of working  teams had to 
be extended (See Table 1 and PHOTO 4). 

New Physical Development and Urban 
Planning in the Montenegro Project 
Yug/79/104

Physical development plan of the Republic 
Meanwhile, the previously prepared and adopt-
ed regional and urban plans (elaborated 1967 
in the frame of the broader UN Project so called 
"South Adriatic Plan") have had to be totally 
revised in order to take full account of the 
seismic risk as leading component, and other 
factors, and in order to address the objective of 
the reduction of seismic risk in a comprehensive 
manner. Highly qualified national and interna-
tional research and professional institutions had 
to be engaged in the planning process in order 
to provide the most advanced scientific knowl-
edge and expertise.

Project YUG/70/104 was launched as a joint 
initiative by the Federal Government and the 
Republic of Montenegro through the Republic 
Institute for Town Planning, RZUP, Titograd 
(now Podgorica) as the Implementing Agency, 
and by the United Nations Development Pro-
gramme and its Executive Agency  UNCHS/
HABITAT (United Nations Centre for Human 
Settlements Nairobi) along with the Associated 
Agency, UNDRO (United Nations Disaster Relief 
Office of the Coordinator, Geneva).
The responsibility of UNCHS and UNDRO was to 
give technical assistance in the areas of physical 
and urban planning and earthquake science to 
the government bodies and national institutes 
which had the responsibility of preparing the 
plans. The Project started in 1981 and has been 
finished in 1986.  
The strategy of the Project and its major ob-
jectives The Institutions, the institutional ma-

PHOTO 4
Fig. 2. Discrete distribution of building damages 
in Montenegro earthquake 1979.  
(Presented through the communes)
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chinery  and the planning laws of Yugoslavia 
and Montenegro formed the setting of Project 
YUG/79/104 and the methodological frame-
work for its operation.
In this connection the following three principles 
should be recalled: 
a) Self-management, which underlines the 

whole system of social, political and eco-
nomic relationships.

b) Participation, as a right and duty, in the 
planning process for the elaboration of the 
Physical Development Plan of the Republic 
by the  Citizens of the Republic and more 
specifically by the Communes, relevant Insti-
tutions, Organizations, Investors and Repub-
lic Bodies. Such participation was formally 
carried out through the institute of  public 
debate, for each of the major stages of the 
preparation of the Plan (Basis, Draft and 
Proposal), as the democratic forum where 
possible conflicts are negotiated and agree-
ments reached. 

c) Simultaneity and continuity in the planning 
process, namely the simultaneous and con-
tinuous preparation, updating and mutual 
adjustment of the physical and socio-eco-
nomic plans at the Republic  and Communal 
levels. 

These principles explain the broad scope of 
Project YUG/79/104, the complexity of its or-
ganization and the highly demanding task of 
the coordination of the Physical Development 
Plan of the Republic with the Communal Plans 
in the Project and the Plan of the socio-eco-
nomic development of the Republic up to the 
year 2.000. 
In the previous context, the Physical Develop-
ment Plan of the Republic has adopted the fol-
lowing major objectives for the physical  devel-
opment of the Republic up to the year 2000:

1. Better use of all existing natural, man-made 
and human resources and raising of the em-
ployment level.

2. Consolidation of the physical components in 
an overall integrated  structure at the level 
of the Republic.

3. Promotion of equal conditions for develop-
ment through the whole territory of the 
Republic and reduction of the territorial 
disparities in the quality of life and job op-
portunities.

4. Seismic risk and reduction.
5. Preservation and upgrading of the ecologi-

cal balance. protection and revitalization of 
the historic-cultural heritage. The physical 
development strategy of the Republic has 
addressed all  these objectives in the corre-
spondent sector and integrated approach as 
well.

The seismic hazard and risk control in 
physical planning at the level of the Re-
public

The territory of Montenegro is exposed to a 
high level of seismic hazard, which is of tectonic 
origin. The whole territory is seismically active, 
but the seacoast and Zeta valley (the central 
area) are the most active.
The intensity of the seismic hazard for both a 
100 and 200 year return periods is shown on 
the adequate maps and its maximum varies 
along the coast between a level of over 9 de-
gree MCS to 9,5 degree MCS, respectively.
The distribution of population, settlements and 
man-made resources within the territory of the 
Republic looks quite opposite to the distribution 
of the seismic hazard described above. This ap-
plies particularly to the existing trends. Most of 
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the elements at seismic risk are concentrated 
in the areas of high seismic hazard. The most 
densely populated coastal part of the Republic, 
with its historic 
towns, tourist development and the port of Bar, 
is also the most seismically hazardous area. 
Seismic hazard is also high in the central part 
of the Republic, in particular in the zones of 
Podgorica and Cetinje, where there is a high 
concentration of the population work(ed)ing in 
the main industrial complexes and other social, 
economic and cultural activities. It is therefore 
necessary to conclude that the general pattern 
of the physical development of the Republic 
today increases the seismic risk to which it is 
exposed, regardless of the seismic vulnerability 
of the single building structures. 

The maps on seismic hazards, scale 1: 100.000, 
together with other geological-seismological 
maps on the same scale, have been the neces-
sary tool for the preparation of the Physical De-
velopment Plan of the Republic and, specifically, 
for the critical evaluation of the existing state of 
the physical structure and for the definition of 
strategy for the development of the Republic. 

Instead of conclusion  - the appeal for 
renewal of the balkan pcc project

Finally, it may be pointed out that mentioned 
approach and integrated concept of seismic 
risk reduction developed and established after 
Montenegro earthquake 1979. through the 
Project YUG/79/104, inter alias, was the basis 
in foundation and realization of UNEP/MAP Pri-
ority Action: "Land-Use Planning in Earthquake 
Mediterranean Zones" including its very promis-
ing project SEISMED (Cooperative Programme 
for Seismic Risk Reduction in Mediterranean). 
Also, later, they have been fully reflected in the 
contents and general philosophy expressed in 
Final Document of World Conference on Natu-
ral Disaster Reduction (Yokohama/Japan,1994), 
i.e., in so called Strategy from Yokohama and 
Plan of Actions for Safer World (Guidelines for 
Prevention of Natural Disasters, Preparedness 
and Mitigation), as the "crown" product not 
only on the first half of the IDNDR. 
It can be stated surely that lessons, experiences 
and results after the Montenegrin earthquake 
1979 exceed the national character and sig-
nificance. However, these experiences, realized 
in the context of particular and wider regional 
projects are and stay as permanent and un-
changeable heritage and base for further devel-
opment of seismic risk development in modern 

PHOTO 5



PHOTO 6, PHOTO 7

6 7

circumstances.
In that case, this author would be like to pay 
permanent attention to specific characteristics 
of the Balkan and Mediterranean region, and to 
plead for further mutual cooperation among the 
countries in the region, and to renewal and up-
grading already mentioned traditional projects. 
All that with the aim to reduce seismic risk and 
to get better results and more successful plans 
at national as well as regional level 

In such context it seems that renewal of func-
tioning and further work of Permanent Coordi-
nating Committee (PCC) for seismic Risk Reduc-
tion in the Balkan Region would meet the goals 
and give appropriate contribution to ongoing  
Disaster Preparedness and Prevention Initiative 
(DPPI) of the Stability Pact of Southern Eastern 
Europe. 

FOR ALL ADDITIONAL INFORMATION PLEASE CONTACT

Prof dr Božidar S. Pavičević
Faculty of Civil Engineering University of Montenegro
Cetinjski put bb, Podgorica
Montenegro
Tel +381 81 244 318
E mail : gf@cg.ac.yu
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Methodology Used when Restoring Kotor’s 
Monuments after the Earthquake 

PHOTO 1
Kotor 1910

PHOTO 2
Zagora – the epicentre of the earthquake, damaged roof 
construction

 PHOTO 4

PHOTO 3
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Restoration Program and the Possibility 
of Using that Program Today
Franc Vardjan, cons. arch.

PHOTO 6
Near Verige-shifting ground, 
cut off road and destroyed 
infrastructure

PHOTO 7
Kotor-Trg od oruzja – typical 
central crushing in the long 
section of the building

PHOTO 8
Hospital in Kotor, The most 
dangerous cross-shaped cracks

PHOTO 9
Kotor-trg od oruzja,  
destroyed upper floor

PHOTO 10
Kotor,narrow street typical 
vertical cracks near the 
windows   

PHOTO 5
Gradiste – destroyed supporting wall and vault on the Orthodox church 
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The photos displayed bellow: 
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PHOTO 11

PHOTO 12
Kotor-the earthquake effect 
in the experimental  model 

with reinforced concrete 
plate   

PHOTO 13
Kotor-proposal for static 

renovation of the building’s 
corner 

PHOTO 14
Dobrota-static renovation of 
the damaged stone balcony

PHOTO 15
Kotor Biskupija – façade 

analysis

PHOTO 16
Dobrota-static renovation of 
the damaged stone balcony
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PHOTO 17
Kotor Biskupija – façade analysis

PHOTO 18 
Venzane, Italy – preventive 
measures after the earthquake

PHOTO 19
Kotor, sv Colegiata, revision of 
the foundations, old layers and 
graves against the walls

 
PHOTO 20
Kotor, sv Colegiata, renovation of 
the roof construction

148

18

19

20



64 Cultural Heritage without Borders • Earthquake Protection in Historical Buildings

PHOTO 21
Colegiata, hidden 
static reinforcement of 
supporting walls with 
reinforced concrete rings

PHOTO 22 
Prcanj, Bogorodicin hram 
– engraved ground plan 
of the columns on the 
western wall

PHOTO 23
Prcanj, Bogorodicin 
hram – damage on the 
Austrian  shallow vault. 

PHOTO 24
Colegiata, questionable 
additions on the eastern 
façade 

PHOTO 25
Colegiata, correct 
restoration on the 
eastern façade 

PHOTO 26
Prcanj, Bogorodicin 
hram –renovation of the 
roof constructionwith 
reinforced concrete rings 
on the facade
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PHOTO 27
Prcanj, Sv Djordje 
– renovation of the cracks, 
on frescoes  “Prepact” 
method the facade

PHOTO 28
Prcanj, Sv Djordje – 
preventive support of the 
vault with frescoes before 
the renovation

PHOTO 29
Prcanj, Sv Djordje – crack 
in the middle of the nave

PHOTO 30
Prcanj, Sv Djordje – Reno-
vation of the crack from 
the outside

 
PHOTO 31, PHOTO 32
Kotor muo-documentation 
plans with statically                                                                          
calculation
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The team extensively involved in the monument renovation after Kotors earthquake:

Stojan Ribnikar, structural engineer
Momo Vuković, restaurateur 
Maja Peović Šein, architect 
Jovica Martinović, archeologist
Miro Franović
Zorica Čubrović, architect 
Franc Vardjan, cons. architect
The Regional Institute for Protection of Cultural Monuments, Kotor

PHOTO 33
Kotor muo – Preventive bands and carriers in the 
openings for lifting the bell tower

PHOTO 34
Boka – Interventions with keys, which are built in 
the reinforced concrete plate

PHOTO 35
Kotor sv Luka – detail of the hidden iron ring

PHOTO 36
Kotor Muo – hydraulic lifts (Franovic, patent) for 
lifting the bell tower

33 34
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Dr Ilija Lalošević conservation architect – counsellor  

Summary
Authentic building structure, applied elements as well as traditional techniques and materials are 
often not adequately appreciated in the process of reconstruction of historic buildings. In this paper 
the following aspects are discussed: aspects of a traditional seismic designing, issues of destruction 
of historic masonry buildings of Boka Kotorska region, during 1979, and previous earthquakes. The 
principle traditional seismic characteristics are presented, based on the observed behaviour of the 
buildings and their elements during seismic activities. Historic masonry buildings often have consid-
erable seismic resistance, which should be adequately valorised in the process of their reconstruc-
tions.

Keywords
Historic buildings, traditional building techniques, reconstruction, seismic resistance, Boka Kotorska

Traditional Seismic Building Experiences in the 
Kotor Region 

General Seismic Characteristics  Of The 
Historic Buildings 
When it comes to a historic building the great 
differences regarding construction elements, 
building techniques and the characteristics 
of the applied building materials are evident. 
Historic buildings of Boka Kotorska, and the 
surrounding area are masonries, massive, non 
constructional, made out of stone with the lime 
mortar as a binder.

Generally speaking, the masonry construction 
is proportional to its mass and they attract the 
significant seismic forces. Beside the fact that 
the masonries are inadequately resistant to the 
tensions of protraction and gliding, they have 
small ductility and relatively small capacity for 
redistribution of tension. Therefore, the seismic 

resistance of these buildings can vary from soil 
type and the types of foundation, architectural 
forms, original quality of their construction ele-
ments and techniques as well as the ways of 
maintenance etc.

Looking at the circumstances from the last 
earthquake 1979, and the other mass earth-
quakes, in the area of Boka Kotorska, when it 
comes to historic buildings, the positive aspects 
of traditional way of building can be seen. Cer-
tainly, many qualities are preconditioned by the 
financial status of the person who is making an 
order, either individual or community, by know-
ing the construction systems and techniques, 
the economic and cultural links with developed 
areas.
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The necessary conscious of seismic strengthen-
ing of the buildings is of decisive importance.  
So-called local seismic culture is conditioned 
by incidence of the earthquakes in the certain 
period. Continuity and termination of that seis-
mic culture in traditional architecture can be 
understood and followed by investigating the 
earthquakes throughout the history:  the dates 
of seismic brunt, its intensities and magnitudes 
etc.

When the earthquakes take place more often 
and are stronger the local seismic culture be-
comes more evident. That explains the presence 
of suitable seismic construction solutions on the 
buildings from XVI until XVIII century (the dates 
of stronger earthquakes: 1559, 1563, 1608, 
1632, 1639, 1667, 1750, 1780).

For the architects and engineers who are work-
ing with constructive repair and restoration of 
historic buildings, the strong consciousness 
about the traditional building materials and 
understanding the fact that a building is not 
weak due to its traditional way of building, is 
very important. Some of the historical buildings, 
as well as some modern ones, are not resistant 
towards the seismic impacts because they are 
poorly and inadequately built or poorly main-
tained. Other traditional buildings are strong 

due to usage of proper materials, quality of 
building techniques and successful architectural 
and construction concepts.

Seismic qualities of traditional architecture 
on the whole, are confirmed by existence of 
traditionally built heritage in earthquake-af-
fected areas. In the area of Boka Kotorska, a 
very important example of this is the Romanic 
churches, which means mainly sacral buildings. 
The Church of St Luka and the Church of St 
Maria in Rijeka, Koledjate have during the eight 
centuries’ long history kept the authentic out-
look, despite the strong earthquakes.

However, during the time period when these 
churches were built there were no recorded 
strong earthquakes, while the seismic compo-
nents were taken from the previous construc-
tion systems. This hypothesis would be in line 
with often mentioned relationship between 
churches St Luka and St Marija with the build-
ing constructions of Apulija and Atika[1, 2], two 
seismically most sensitive areas. Recently, in the 
field of Mediterranean local seismic cultures, 
the great attention is given to the medieval 
“inscribed cross-churches”, in the case of which 
the good seismic span is connected with typo-
logical characteristics. The results of the inves-
tigation could be very useful for comparative 

PHOTO 1, PHOTO 2, PHOTO 3
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analysis with mentioned Kotor churches. The 
Kotor churches present the type of “inscribed 
cross-churches” [3].

It is very important to emphasize that it some-
times is very difficult to say how the old crafts-
men were seismically constructing the churches. 
It remains evident that the old master has 
achieved remarkable results when it comes to 
the seismic typological characteristics. 

Whether the construction as a whole or its 
separate elements were designed as seismic, it 
is important to understand their role and their 
input to the good behaviour of the building 
during the earthquake. The consciousness of 
authentic seismic qualities of the built heritage, 
would contribute to the mild interventions and 
rational solutions when working on their con-
struction repair. The positive results would be 
seen when keeping the original structure of the 
historic buildings.

Disposition

The criteria for seismic design for modern build-
ings can be applied to the existing buildings, as 
well as to the traditional ones.  The mentioned 
criteria can also be applied to in the following 
procedures:
- Before the earthquake, 
- During the evaluation of their vulnerability, 
- After the earthquake, 
- As an explanation for the behaviour of the 

building during the earthquake
- As an assistance while choosing the meth-

ods of repair and the strengthening.

Configuration of the building, the construc-
tion system and the architectural form has an 
extraordinary influence on its behaviour during 
the earthquake. The experiences have shown 
that the simplest structures have the greatest 
chance to survive. The simple building is eas-
ily built and easily maintained.  Its reaction 
towards the earthquake can be analysed and 
determined. If the building were symmetrical, 
compact and not too long, it would react posi-
tively towards the earthquake. If the building 
is not specified as the previous one, it can be 
exposed to torsion and different kind influences 
on its edges. The long base (60x6m) and the 
bad structure of soil were two main reasons 
why the main part of the Palace of Providur fell 
down in the earthquake in 1979. Fortunately, 
this example is the exception in the traditional 
architecture, in the case of which the buildings 
are usually simpler, symmetrical, compact and 
with relatively uniformed proportions.

As the traditional buildings are rarely high 
objects like towers or belfries, the cases of over-
throw are exceptional. Such a drastic case was 
recorded in 1667, with the belfries of Cathedral 
of St Tripun. [5]This earthquake affected the 

PHOTO 4



70 Cultural Heritage without Borders • Earthquake Protection in Historical Buildings

local earthquake climate so much, that these 
belfries were barely damaged in the earthquake 
of 1979.  

The so-called “distaff “-belfries are very badly 
constructed from the seismic aspect. This type 
of belfry next to the church of St Luka was 
demolished and renewed few times [6], which 
also was the case with all the other sacral build-
ings. The most representative palaces of Kotor 
bay are formed to have a terrace. Originally, 
there were attempts to connect the terrace with 
the rest of the building with the wooden ties/
beams and iron keys. During an earthquake the 
terrace would either collapse completely, or it 
would be badly damaged (PHOTO no 4). 

Depending on the size, shape and the total 
constructive system and the upper parts of the 
buildings, these elements differ by their seismic 
response. The dome on the St Ana church [4] 
was supported with inadequate flat arches 
where the whole system was not well con-
nected. [7]. 
Despite the fact that the eastern part of the 
Cathedral of St Tripun has its foundations in the 
rock, and the west part has a dike, the dome 
was damaged due to sudden discontinuity and 

the effect of so-called “soft ground floor”. The 
dome was supported by self-standing columns 
that suffered from the extreme seismic vibra-
tions.

The domes of the churches St Luke and St 
Maria were better connected with the lower 
parts of the structure, and with the less evident 
discontinuity. Above the profiled wreath on the 
façade of the St Luke church there are two rows 
of very long (44-45cm) and very low, very pre-
cisely made squares. This ring – tie is made in 
accordance with modern theoretical thesis [8]. 
This was very important in the dispersion of the 
forces, where the protraction were “taken and 
joined” in the transversal arches. The analogue 
elements were known in the traditional build-
ing techniques of the Byzantine architecture, in 
which the stone blocks are connected together 
with the metal clamps in order to form a ring 
[9].

Connected with the mentioned specifics of the 
architectural form symmetry, simplicity is the 
equal and continuous division of the tension. It 
is proved that a maximal chance to survive an 
earthquake has the buildings in which the sup-
portive elements are continuously disposed and 
the walls are continual with the same thickness 
of the wall shell. The axial disposition of the 
windows and disposition of the full height win-
dow columns is a very important characteristic 
of the building as well. Disturbance of the “full 
– empty” relation can result in damages during 
an earthquake. This is more rare in the case of 
the traditional architecture that in the case of 
the modern one.

PHOTO 5
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Construction elements and  
techniques
Studying the old building techniques is very 
interesting, not only from the aspect of the his-
tory of architecture but also from the aspect of 
their usage in the process of modern repairs and 
strengthening of the historic buildings. 

The walls of the traditional buildings were built 
in the form of cavity walls. The characteristics 
are strengthened with the usage of the proper 
plaster. Traditional craftsmanship is familiar with 
different types of lime plasters, where the oil, 
crushed brick and the red earth are added [10]. 
The method of strengthening the walls with pi-
lasters should be mentioned. These elements are 
often and consciously being applied, to improve 
the resistance of the old buildings against earth-
quakes [11].
Arches and vaults were rarely used construc-
tions. Some of these elements, specially the ones 
of Djuric stone, with tiny joints and pointed 
crowns, were special seismic constructions, as 
their stability during the earthquake 1979 had 
proven. [12].
In the traditional architecture of Boka Kotorska, 
the wooden ceiling constructions were used. 

They were connected with the clamps (PHOTO 
no 6.) to the walls, which made them move har-
monically. That caused milder damages. These 
elements were placed in the axis of the window 
columns. Most buildings with inner construction 
walls (e.g. Palace Ivanovic in Dobrota), had the 
wooden beams in the ceiling connected to the 
mid wall (PHOTO no. 7). 
 
It is interesting to emphasize that seen from the 
seismic perspective; the openings in the walls 
(doors, windows) were specially taken care of 
by the old masters. Above the window and door 
beams, the segmented or encumbered arches were 
built. The construction of this type is known from 
the example of Palace Beskuca in Prcan, in the 
case of which the mid console was the keystone of 
the encumbered arch above the window (PHOTO 
no 8) 
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