Chapter Six
Conclusions and Recommendations

6.1 Future Earthquake Losses in Eastern Anatolia

The purpose of this study has been to develop and evaluate alternative possible risk mitigation
measures for Eastern Anatolia. The field, laboratory and theoretical studies presented in the previous
chapters have been concemed to look in detail at possible stregthening measures for stone masonry
house construction, given that it is the structural weakness of this building type which is responsible
for the large levels of losses, and assuming that this will continue to be the predominant form of
construction for the forseeable future.

This chapter will consider some possible scenarios for change of construction technology in the
region, given present day trends, and assuming only a limited intervention capability on the part of
the Turkish Government. Four principal variables affect future earthquake losses:

(1) The population growth rate. The current population growth rate in the region is 2.1%, but
might either rise or fall depending on the rate of out-migration which will be affected by
unpredictable economic factors; the possibility of a rise to 2.5% or a fall w0 1.75% will be
considered.

(2) The replacement rate of existing building stock. Field studies have suggested that the average
lifespan of traditional stone masonry buildings is about 50 years; the rate of replacement
depends on prosperity, but could be influenced by government incentives for reconstruction. A
maximum reduction to a lifespan of 25 years is considered.

(3) The construction types of new buildings. The methods of construction used for new housing
will be the principal factor affecting vulnerability over the mext 25 years, and the one most
likely to be affected by government action. At present around 25% of new construction is of
upgraded traditional construction, and about 1% is reinforced concrete construction. If
gconomic progress is slow, traditional stone masonry may continue to predominate;
alternatively if there is rapid progress or an active government programme to upgrade housing,
it is possible that up to 90% of new construction could be strengthened within that period.

(4) The contribution of the Government. Three possible levels of government action will be
considered. The first is the continuation of present policy of replacement of houses destroyed
by ecarthquakes, but no action to upgrade the remainder. The second assumes that the
government will introduce a programme of public education on strengthening techniques,
coupled with training programmes for village builders of the kind which has proved successful
in the Yemen.! The third level of action would couple the education and training programmes
with a system of improvement grants sufficient to meet the cost of adding a minimum Ievel of
strengthening to any new houses built.

Five alternative scenarios will be presented each incorporating possible combinations of the four
variables discussed. The five scenarios are outlined below; the detailed assumptions made are set out
in table 6.1, and the projected average annual rates of loss are shown in figure 6.1.

! Coburn and Leslie (1985).
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SCENARIOS OF FUTURE EARTHQUAKE LOSSES IN EASTERN ANATOLIA

Scenario A. Present Trends, No Intervention

Turkish Government continues present policy of replacing destroyed buildings but does not introduce
a Loss-Reduction Programme. Best-Guess present trends continue for 25 years.

Assumptions:

¢ Present population growth rate (2.1% annnal) continues.

= Present house replacement rate (lifespan average S0 years) continues.

» Distribution of building types in the present building stock is as surveyed; 87% traditional
stone masonry, 12% modernised traditional and 1% reinforced concrete frame.

* In new construction, current trends continue (75% traditional stone masonry, 24% modernised
traditional and 1% reinforced concrete frame) with gradual increase in the proportion of higher
cost buildings (by 2010 the proportions are 25% traditional, 65% modemised, 10% r.c. frame).

Expected Losses 1985-2010:
Total Destroyed Houses: 88,513 (100%. Reference Housing Loss)
Total Expected Fatalities: 9,885 (100%. Reference Fatality Level)

Scenario B. No Intervention, Optimistic Assumptions
Turkish Government continues present policy of replacing destroyed buildings but does not introduce
a Loss-Reduction Programme. Income levels in Eastern Anatolia rise rapidly, combined with a
significant drop in population growth rate.
Assumptions:
e Population growth rate drops to 1.75% annually, from 1980 onwards.
» House replacement rate increases. Average lifespan of traditional stone masonry reduces to 25
years.
e The proportion of higher cost building types in new construction rises rapidly. By 2010, all
new construction consists of 75% modemised traditional and 25% reinforced concrete frame.
Expected Losses 1985-2010:
Total Destroyed Houses: 73,556 (83% of Housing Loss, Scenario A)
Total Expected Fatalities: 8,126 (82% of Farality Level, Scenario A)

Scenario C. No Intervention, Pessimistic Assumptions
Turkish Government continues present policy of replacing destroyed buildings bur does nor introduce
a Loss-Reduction Programme. Population growth rate increases and income levels rise only fast
enough to keep pace with population growth.
Assumptions:

« Population growth rate increases to 2.5% annually, from 1980 onwards.

+ House replacement rate decreases. Average lifespan of traditional stone masonry prolonged to

75 years.
+ The proportion of higher cost building types in new construction remains constant at present
rate.
Expected Losses 1985-2010:
Total Destroyed Houses: 100,956 (114% of Housing Loss, Scenario A)
Total Expected Fatalities: 11,310 (114% of Fatality Level, Scenario A)

Scenario D. Mitigation Programme: Education and Training
The Turkish Government introduces a public information campaign coupled with the establishment
of training centres in each affected province for village builders. House owners are encouraged to
incorporate the maximum earthquake resistance that they can afford, into new construction. All othe:
variables continue along present best-guess trends.
Assumptions:

¢ Present population growth rate (2.1% annual) continues.

* Present house replacement rate (lifespan average 50 years) continues.

* Around 10% of house owners incorporate triple hatl strengthening in their new construction.

24% build in modemnised traditional and 1% in reinforced concrete construction. Gradual
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increase in the proportion of higher cost buildings (by 2010 the proportions are 5% unreinforced
traditional stone masonry, 25% stone masonry with triple hatl reinforcement, 60% modemised
traditional and 10% reinforced concrete).

Expected Losses 1985-2010:
Total Destroyed Houses: 72,217 (82% of Housing Loss, Scenario A)
Total Expected Fatalities: 7,898 (80% of Fatality Level, Scenario A)

Scenario E. Mitigation Programme: Subsidised House Strengthening

The Turkish Government introduces a public information campaign coupled with the establishment
of training centres for village builders, and an administration to distribute and monitor house
strengthening subsidies. Strengthening subsidies are available to anybody building a house in a
village in a designated seismic area, conditional upon them employing a trained village builder and
incorporating a minimum level of seismic strengthening (e.g. triple hanis). A maximum grant of
150,000 TL (1983) is available per house. All other variables continue along present best-guess
trends.

Assumptions:

¢ Present population growth rate (2.1% annual) continues.

¢ Grant system encourages more rapid house replacement rate. Lifespan averages 25 years.

* 90% of house owners who would have built in traditional stone masonry now build with triple
hatil strengthening, The proportions of building types in new construction is 7% unstrengthened
traditional stone masonry, 68% stone masonry with triple hatil reinforcement, 24% modemised
traditional and 1% reinforced concrete. by 2010, the proportions are 25% stone masonry with
triple hatil reinforcement, 65% modemised traditional and 10% reinforced concrete.

Expected Losses 1985-2010:

Total Destroyed Houses: 56,169 (63% of Housing Loss, Scenario A)
Total Expected Fatalities: 5,924 (59% of Fatality Level, Scenario A)
Table 6.1

Scenarios of future earthquake losses in Eastern Anatolia

Figure 6.1 shows the actual losses over the last 80 years, and the projections derived from the
model for the 25 years 1985 to 2010 for each of the 5 scenarios. Population growth rates are also
shown. It will be seen that based on present trends a rise of 50% in annual average losses by 2010
can be expected; even with optimistic assumptions (scenario B) a rise of nearly 25% is likely. The
introduction of a training programme (scenario D) could be expected, with present trends, to peg the
increase to only about 25%, similar to scenaric B, while only the introduction of a programme of
subsidised strengthening (scenario E) can be expected to result in an actual reduction in annual
average losses over the period.

Some estimates of comparative costs and benefits can be made. Under present trends, the
Government must be prepared 10 replace berween 70,000 and 100,000 houses in the study area over
the next 25 years, at a cost in 1983 money* of 250 to 350 billion TL. The cost of setting up a
training programme has not been estimated, but it will be economically justified if it costs less than
the cost of replacing the 15,000 to 20,000 houses which it will save in the period; though this takes
no account of the lives saved and other losses avoided. The cost of the programme of housing
subsidy has been calculated on the assumption that the cost of this would be 150,000 TL for each
house strengthened, about 50% of the typical cost of replacing a stone masonry house. It is also
assumed that the 10,000 houses currently rebuilt each year could be increased by 20 to 50%, all of
them strengthened to at least the level of technology L4. The resulting reduction in housing losses in
the 25 year period would be about 32,000. The estimated cost of the programme would be about 50
billion TL in grants, for a saving in reconstruction costs exceeding 100 billion TL., and the saving
of over 3,000 lLives.

2 Costings throughout this report have been presented in terms of 1983 prices, related to the 1983 earthquake and
other field work costings carried out in 1983.
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The uncertainty of these projections is of course high, with an estimated probability of about
50% that the actual outcome will be within +/-50% of the expected value. There is certainly a
possibility that loss levels will not be as high as the projected values; but an altemative possibility
which has to be considered is the occurrence of an above average level of seismicity in the next 25
years, causing very much higher levels of losses than has been calculated here. This is considered in
terms of a worst-case scenario.

6.2 Worst-Case Scenario

The loss projections, being largely based on average values for hazard return periods take very little
account of the possibility of variations in earthquake activity over the next 25 years. It is easy to
envisage a scenario, where, within the next 25 years, a large number of high magnitude earthquakes
were to occur in quick succession. It is extremely unlikely that above-average seismicity would
occur in all magnitude ranges at the same tme - magnitude occurrences are generally thought to be
independent of each other.

The occurrence of a single, very large magnitude earthquake, M>7.5, is the worst case scenario
that can be envisaged within realistic probability limits. The recurrence of an event like the Erzincan
earthquake of 1939 is a very real possibility. The probability of its occurrence is somewhere
between 1 in 20 (5% estimated probability of exceeding 1 event in 25 years) and 1 in 5 (130 year
return period, Gumbel analysis,+25 year study period). The probability of occurrence of a major
earthquake in the next 25 years may be increased by the fact that there has not been an earthquake
on the North Anatolian Fault in Eastern Turkey for the past 47 years.

If it did occur, the expected housing losses within the 25 year timespan would be increased by
almost half as much again. The major tragedy however would be the extensive loss of life that
would result. Such a large magnitude event would produce a very large epicentral area and very
high intensities, which it has been shown are the major causes of fatalities. This would happen over
an area which is already twice as densely populated as it was during the 1939 event, and likely to
be four times as densely populated by the end of 25 years. The loss of 32,000 lives in 1939 could
be far exceeded by a major future event unless housing in the region undergoes a radical
transformation in the near future.

The chances of such an event mean that any mitigation programme that had got well established
before its occurrence would achieve savings of human lives and reconstruction costs well in excess
of the average figures calculated in this study.

6.3 Wider Application

The detailed loss projections, the cost-benefit studies and the appropriateness of the mitigation
measures proposed are all specific to the application of loss reduction planning to villages in Eastern
Anatolia. There are however a number of aspects of this study which may have a wider application.
The technical studies of the improvement of the seismic resistance of rubble masonry buildings are
relevant to a much wider geographical area. Houses of weak loadbearing stone masonry of similar
forms are found in the seismic areas of Iran, Irag, and throughout the Middle East They are found
in Central Asia, in the southern seismic zones of USSR, in Afghanistan, Nornthern Pakistan and
India. Rubble masonry buildings in some form or other are found along the entire Alpine-Himalayan
seismic belt, from Italy to Indonesia. Some aspects of the study of earthquake damage and
preventative strengthening may also be relevant to similar rural buildings of earthen materials which
are found in many scismic arcas around the world including South America and East Asia.

The method of analysing damage data from carthquakes o obtain objective vulnerability
relationships in terms of Magnitude : Damage : Distance is one that could have far wider application
than Eastern Turkey. The Magnitude : Damage : Distance relationships obtained here are probably
broadly applicable to shallow-depth earthquakes of the Mediterrancan and Middle East
seismotectonic regions, but there already exists a wealth of damage data in this and other regions
that could undergo further analysis to derive similar relationships for many other building types. It
has been demonstrated that these types of relationships have considerably better confidence limits
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than studies using intensity as their parameter of ground motion.

6.4 Further Research Needed

In developing methods to evaluate alternative seismic risk mifigation strategies, this study has made
a number of assumptions based on existing limited data. Considerably more data and analysis is
needed in several areas in order to reduce the uncertainties involved and provide a sounder basis for
planning future mitigation programmes, both in Turkey and in other high-risk regions. The following
are some of the more important areas needing further study:

(1) Earthguake Damage Data. The damage data available from Turkey for earthquakes since 1966
is much better than for most comparable areas. However for the future it will be important to
improve the quality of this data by distinguishing levels and modes of damage to the different
classes of buildings more precisely defined in terms of both the location and the construction
technology employed. A practical method of conducting field surveys in areas of earthen and
stone masonry buildings has been developed.’

(2) Measurement of earthquake ground motion. The statistical damage attenuation model used here
is not directly correlated with the aciual cause of damage, which is earthquake ground motion.
The lack of strong motion instruments in the high risk regions makes it impossible to use
parameters of ground motion as a means of predicting earthquake damage or interpreting test
resuits. The behaviour of stone masomry buildings in the epicentral area of earthquakes is at
present very little understood, because the ground motion causing it has never been recorded.
The establishment of further instrumentation in the field in the high risk areas is of
considerable importance.

(3) Testing programmes. During the present study only three full-scale dynamic tests were carried
out, but the benefits from these tests were considerable, both in terms of the actual data
acquired, and in terms of the demonstration and educational effects involved. The impulse table
designed and built for these tests can now be used to acquire further data on the performance
of other types of construction, and different types of ground motion. Details of further testing
work needed are given in the report on the impulse table tests.*

4) Cost-benefit studies. In the present study only a very crude cost-benefit study of altemative
mitigation policies has been presented, without any attempt to examine the programme cOsts or
1o apply a social discount rate to future costs, or deal with alternative scenarios arising from
the sporadic nature of earthquake occurrence. A more detailed study would be needed before
the benefits of alternative programmes could be properly assessed.

6.5 Recommendations

Mitigation Programmes

The most effective way to reduce the losses from future earthquakes in Eastern Anatolia will be to
encourage and assist village builders to improve the earthguake resistance of future houses built in
the materials that they can afford and are familiar wit. For very many villagers this will be stone
masonry. Other measures considered are either too costly, ineffective, or socially unacceptable
(section 1.4). Current rates of change of construction technology in the region are insufficient
reduce future earthquake losses.

Improving Earthquake Resistance of Stone Masonry

A variety of measures to improve the earthquake resistance of traditional sione masonry can be
introduced at no cash cost to the houseowner(section 3.2). These should be given priority in any
mitigation programmes.

At the next level of cost, priority should be given to the strengthening of wall construction using
horizontal ties either of concrete or of timber at cill, eaves and lintol levels. A range of possible

3 Coburn (1985).
4 Spence, Bayiilke, Coburn and Hibbs (1987).
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improvement techniques at different levels of cost has been proposed (section 3.3). All proposed
modifications should be carefully assessed to smdy their appropriateness for implementation by the
village builders in each location.

Implementation

The Turkish Govemment should take action to stimulate improvements in the building technology
used for rural housing in Eastemn Anatolia. The objective should be to assist the local people to
improve the seismic resistance of their houses by incorporating structural strengthening at the time
of rebuilding, at whatever level of technology is appropriate to their economic circumstances.

There should be three separate elements to such Government action:

(1) A public education programme 10 explain the seismic risk, demonstrate the consequences of
living in unstrengthened houses, and describe the techniques of building needed to strengthen
them.

(2) A substantial builder training programme, which should teach village builders through practical
demonstration how to incorporate the necessary strengthening modifications, and in other ways
improve the earthquake resistance of houses of traditional construction. The aim should be to
establish one or two training centres in each province, and train eventually one builder for each
100 inhabitants.

(3) A programme of housing subsidies to be used to incorporate strengthening modifications into
new construction. A variety of uses for this subsidy would be permitted depending on the scale
and technology to be used, and there would need to be a strict monitoring of the use of the
subsidy, and supervision of the quality of the modifications used.

In order to design an effective programme, a pilot scheme should first be implemented in a
particular high-risk area on a scale of a single district. In this pilot scheme, the findings of the
Oxford Polytechnic study on socio-cultural aspects of improving aseismic housing should be
followed. The pilot scheme should be monitored to assess the economic and cultural effects of the
housing upgrading, and the findings used in the design of a larger programme.

Research

The Turkish Government should also seek international funds to continue, and expand its research
into earthquake monitoring, with particular emphasis on the monitoring of strong ground motion
(which will involve a much expanded network, and the design of new simpler and cheaper
instruments) and on the collection of earthquake damage data. Research and testing of modified
traditional construction should be continued using the Ankara impulse table and other testing
facilities.

International Efforts

The governments of other countries with a similar combination of high seismic risk and vulnerable
building types should undertake studies of future losses and possible mitigation programmes along
similar lines to the present study; these countries include parts of India and Pakistan, Afghanistan,
Iran and parts of South America.

The UK Govemment should continue to support the efforts of such countries to reduce

earthquake risk, not only out of concern for the huge losses of life which are involved, but also as
an alternative to the continuation and increase of international relief and rescue activity.
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