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Earthquakes continue to be one of the major 
natural catastrophes with which humanity, 
even in modem times, is still trying to find 
ways and means for coping. 

Many professionals from diverse disciplines 
are currently trying to improve the efficiency 
of various mechanisms for passive protection. 
Although this paper generally deals with 
various measures which are considered helpful 
in mitigating the lethal and destructive effects 
of earthquakes, it puts a particular emphasis 
on proposals of a structural engineering 
nature, based upon circumstances that prevail 
in Turkey. 

Timber frame structures, stone or adobe 
constructions are still predominant in rural 
areas of the world. This is particularly true in 
the case of Islamic countries of the region that 
stretches from Central Asia and the sub
continent to North Africa, where a traditional 
architecture made of earth is an inseparable 
part of the peasants' daily life. It is an 
unfortunate coincidence that large parts ofthis 
region are under a constant threat of earth
quakes; hence, the traditional building tech
niques on the one hand, and the strong risk of 
natural disaster on the other, are two aspects 
of life in such areas which are interrelated. 

Some regions of the earth are much more 
prone to have earthquakes than others. Three 
main zones may be delineated on the earth's 
crust according to the intensity of the earth
quake. The alpine and transasiatic belts form a 
single zone, the circumpacific belt is another 
zone, and the remaining areas of low seismic 
activity constitute a macro-zone apart. The 
circumpacific belt encircles the Pacific Ocean 

Map showing location of various seismic belts in 
the world 
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Map of the world indicating degrees of urbanisation in some of the major earthquake zones 

Source M. Yorulmaz 

with a series of very close epicentres, while the 
alphine belt starts to the west of this belt and 
extends westward with less frequent epicentres 
along the southern regions of Asia and 
Europe. The low-seismic macro-zone covers 
the rest of the world having earthquake-prone 
areas. 

There are different degrees of urbanisation 
within these earthquake zones. As the per
centages of urbanization indicate, a large 
proportion ofthe populations of Africa and 
Asia that lives in earthquake zones are also in 
rural settings. The ratio of urban to rural in 
Latin American countries is 50 per cent, while 
only in those parts of the U.S.A, Japan, and 
the USSR which fall within earthquake belts 
does the population density correspond to 
urban areas. It is clear, therefore, that over a 
billion people in rural areas of China, and the 
Muslim world are exposed to the potential 
ravages of an earthquake. 

A large part of the deaths in rural areas, from 
other than normal causes, can be attributed to 
earthquakes. International agencies, there
fore, that are committed to improving rural 
living conditions, must concentrate on the 
problem of developing dwellings resistant to 
earthquakes. 

Map of Turkey, indicating the epicentres of 
earthquakes with a magnitude greater than 6.9 
(Richter) occurring since 1925 

Source· M. Yorulmaz. 

Turkey is one of those countries which has 
experienced many strong earthquakes 
throughout her history. The earthquake belt 
encompasses 91.4 per cent of Turkey's total 
area, within which 95 per cent of the popula
tion lives. For purposes of scientific analysis, 
Turkey has been divided into five zones 
reflecting the different degrees of seismic 
activity. The most active earthquake regions 
of Turkey are on the Western Anatolian 
plateau and along the Northern Anatolian 
fault. Earthquakes with a magnitude greater 
than 6.9, that have occurred since 1925 are 



shown here. During these tremors alone, 
approximately 62,000 lives were lost and 
350,000 buildings collapsed or were damaged. 

Rural Housing 

The rural areas in Turkey are defined as areas 
with less than 10,000 inhabitants. There are 
3.9 million dwellings located in these rural 
areas, housing 62 per cent of the Turkish 
population. In addition, the shanty towns 
around such large cities as Istanbul, Ankara 
and Izmir contain some 600,000 houses of a 
decidedly rural character. Most rural dwellings 
are constructed according to traditional 
building systems and therefore do not reflect 
any advanced techniques of structural engi
neering. 

When classified according to their structural 
materials and systems, rural houses in Turkey 
reflect the following statistics: 50 per cent of 
stone or brick masonry; 24 per cent are of 
adobe; 18 per cent are timber framed; 8 per 
cent mixed construction. Of the total number, 
88 per cent are single-storey structures, while 
the remainder have two storeys. The distri
bution of these structural types throughout the 
country, reflecting various geographic, 
climatic and economic factors, has been 
analysed. 

Typical damage patterns to different structural 
systems as a result of earthquakes can be 
broadly characterised under the following 
headings: 
1) Damage to heavy masonry buildings due 
to their brittle character, minimal tension, and 
minimal shear strength capacity; 
2) Damage due to lack of proper structural 
joints; 
3) Damage due to bad workmanship during 
construction; 
4) Damage due to deterioration over time. 

Let us take rural structures, category by 
category, and describe the kinds of damages 
that occur. 
1) Adobe houses generally have very poor 
structural joints between perpendicular walls. 
When an earthquake occurs, the walls 
collapse taking the roof elements with them 
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and thereby causing most of the casualties. In 
regions with cold climatic conditions, the 
heavy roofs which have been covered with 
earth for thermal insulation are always a 
source of danger. 
2) If round stones collected from river beds 
are used as building material, with mud 
mortar as a binder, there is little hope that 
such structures will resist the effects of an 
earthquake. In some cases, these walls are 
created without binding at the comer joints, 
thereby almost eliminating the resistance of 
the stone masonry construction. This type will 
most certainly be destroyed during earth
quakes with an intensity of 7 or 8, and severely 
damaged at intensities of 5 to 6. If not 
properly built, such houses generally behave 
more poorly than adobe houses. 
3) The most frequent structural failure to 
brick and concrete block masonry buildings is 
from shear as a result of diagonal tension. 
Other failures can be attributed to horizontal 
shear or torsion. 
4) Timber frame or timber block houses 
behave better than the above-mentioned 
structural systems during earthquakes. Under 
seismic conditions of moderate intensity, 
timber structures often experience damage 
only to infill walls. 
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Measures to be undertaken in order to 
mitigate earthquake damage can be 
approached in several ways. Clearly, one of 
the most efficient manners is through struc
tural engineering efforts. However there is 
frequently a great disparity between the 
measures proposed and actual application, the 
causes for which may be political, economical, 
technical or socio-cultural. The latter may 
stem from a lack of consciousness of danger 
due to earthquakes, from a lack of technical 
knowledge, or from conservative attitudes 
working against the introduction of new 
dwellings. Economic reasons may involve 
poverty, or simply a dearth of structurally 
suitable materials. Finally, there are the diffi
culties encountered in any effort of technology 
transfer. Taken together the above factors 
make clear the necessity for structural 
engineers to collaborate with professionals 
from many other related fields. 

Most countries have prepared and put forward 
specifications or codes on the design of 
buildings intended to resist earthquake forces. 
The codes in developing countries have paid 
particular attention to problems of design for 
rural areas. Perfecting the codes has little 
meaning unless we are able to bridge the gap 
between theory and practice. Usually, the 
rules and advice laid down are sufficient for 
designing rural dwellings which could be 
considered safe at least under moderate earth
quake intensities. 

General principles pertaining to all types of 
buildings would include: 
1) Construction sites should be selected care
fully. Unstable slopes, loose sand or clay soil 
are not suitable for rural habitations. 
2) In terms of architectural design, plans for 
houses should be as symmetrical as possible in 
relation to the orthogonal axes. 
3) The joints between different elements of a 
structure should be perfect. 
4) When materials are not strong in tension 
nor rigid enough under excessive com
pression, timber or steel tie beams should be 
provided at vulnerable points. 
5) The general quality of workmanship 
should be improved. 

The following recommendations could be 
made for different types of Turkish houses in 
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a) wood block system 

c) brick masonry I 
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Drawings of principal structural systems employed in rural areas of Turkey effected by earthquakes: 
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order to decrease earthquake damage: 
1) For adobe houses additives should be used 
to increase the strength and durability of 
adobe. As Turkey has large deposits of 
gypsum, successful research has been under
taken with this material as an additive for 
improving adobe bricks. Eventually, a proto
type house will be built and tested under 
earthquake conditions. In order to increase 
the effectiveness of joints between inner and 
outer walls, these areas should be reinforced 
with a strong material acting in tension. 
Timber tie beams should be provided at the 
tops and bottoms of windows, heavy roofs 
should definitely be avoided, implying the 
necessity for research into alternative solu
tions. However, they should retain the advan
tages of the traditional heavy roof and be 
carefully joined to the supporting walls. Archi
tecturally, the smaller the rooms in a dwelling 
the better, with walls in designed in both 
directions. 
2) In stone masonry dwellings cut stone 
rather than round should be used, as well as a 
good quality mortar. The joints between faces 
of walls should be well executed. Many of the 
above-mentioned recommendations for adobe 
structures apply for those of stone. 
3) The Turkish code, like most codes for 
brick and cement block masonry buildings, 
sets out rules for design and construction 
which include: limitations on the number of 
storeys depending upon the particular earth
quake zone; regulations concerning founda
tions; the inclusion of reinforced concrete tie 
beams at different levels; thickness of walls; 
and, specifications for wall openings and for 
the stabilisation of walls. 
4) The integrity and rigidity of timber frames 
should be improved, with a sufficient number 
of diagonal stays provided. Light-weight infill 
material is desirable. Efforts must be made to 
prevent deterioration of wood. 
5) Apart from improving these traditional 
structural types, entirely new kinds of 
dwellings could be designed by employing 
other materials and/or construction tech
niques. Most of the efforts in this realm in 
Turkey have been relatively unsuccessful due 
to the unwillingness of inhabitants to change 
their ways and to accept a transfer of urban 
design to urban areas. 



Conclusions 

Proper design can improve the earthquake 
resistance of rural housing considerably even if 
structural engineering know-how has not been 
introduced. These improvements depend 
upon many other factors which lie outside of 
purely technological developments. Thus, I 
would like to add a few words in conclusion 
about design problems as they relate to the 
use of traditional techniques in earthquake 
areas. 

Ultimately, there is no reason why the 
aesthetic aspect of all kinds of human habita
tions should not be taken into consideration. 
Except for certain forms which have crystal
lised over time and are deemed beautiful or 
picturesque by architects, rural housing has 
not been included in aesthetic theorizing. One 
of the worst things that might occur in future 
projects for the rural habitat is a transfer of 
urban aesthetics into a rural context. I wish to 
emphasize that design must obey engineering 
prerequisites above all in areas threatened by 
earthquakes. This necessitates a modified 
approach to design. 
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