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EXPERIENCE GATINED FRCM RECENT EARTHQUAKTS IN TURKsy

by Alkut Aytun

INTRODUCTION

During the past five years, Turkey hcs experienced a
number of destructive earthquakes. Each of these carthquakes
were faceéd with an ever increasing interest and eifort, beth
by geovernmentel and technicel zuthorities. Eazch cne occurred
in different regions cf Turkey, with different climate, different
sccio~-economic conditions, Gifferent materials and building
types. Theé analysis cf the events caused by those earthaquakes,
reveals interesting facts of the country, frem the peint of
view of earthquake cngineering.

ATter a comparative study of the menticned successive
earthquakes, one can say thet the perfeormence ¢f post-earthquake
activities 1s mcre and more efficient, thon the previous ones.
This is explained in the other paper, titled "General Irfcrmation
on Organization and Activitles for Earthquake Disaster Response
in Turkey™.

Although it is possible to learn some facts through
literature, the efficiency =nd certainty, provided by actual
experience, can not be substitutcd. Many of the lessons,
taught by thcese earthquakes, are of value to enginecrs,
professionals and administrative pecple, though some of them
may be repetitions of known Tacts.

The earthquakes ccansidered zare as follcws:

Locality Date Loss of Life Dwellings
T Destroyed
Varto 12,0.1956 24500 20,000
Adapazari 22.7.1967 86 7,100
Bartin 2.%.1938 26 260
Alasehir 25.3.1869 51 2,500
Gediz 25.3.1970 1,085 15,000

It 18 not intended to give full infermation on each
earthquake. Only a rcugh outline will be given, from pcints
of wview ol scttlement and building matericls; then gerncral
conclusicn will be given, folliowing the indication of
distinguished features of each earthquake.
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VARDO ZARTHQUAKE (19.8.196¢€)

(11 = 7, epicentral intensity I = IX (1m1), epicentral
cosordinat936
390.2 N - 41

.7 E (U,8,0.6,3.)
39%2 1 - 41°%.6 E

BeCol.5.))

The main shock caused a death toll of 2,500, Although
the population density is low (24 per sq.km or 62 per sq, mile),
most of the lo-al types of buildings were not earthguake-
resistant, The isoseismal map is shown in Figure 1(1)., The
dominant building material is round stone and adobe. Mud is
popular as material for mortar, and generally no cement is
used, The buildings have heavy ceilings, Iiost of the damage
was focusced on Varto and Mus, The Regional School, which was
of reinforced concrete construction, suffered heavy damage.

The existing settlements were preferrecd and new houses were
built generally on the same location. Relief and reconstruction
activities were considerably larger in size, comparing the
previous cctivities.

ADAPAZARTI EARTHQUAKE (21.7.1957)

(11 = 7, epicentral intensity I, =1Ix (1), epicentral
cozordinates; o

40T I~ 300.8 E EB,C.Ifﬁ,)I

407,77 W - 307 .8 E (U.8.C.G.S.))

The earthquake was accompanied by the activation of
o segment of 100 kilometers (60 miles), on the North Anatolian
Tault Zorie. It lent itself fcor a clear mapping. The right-
handed ctrike shivn and noving down of Nortrerm side, exhibited
the known charscteristics of the North Anatolian Fault Zone,
and once uacre pointed to the need for systematic study on it.

Adapazari region is in process cf development and it
is krown as one of the richest portions of the country, with
agricultural and industrial resources and 2 suitable climate.
Although the grounda motion was intensive and the population
density was quite high (about 90 per sq.km or 230 per sq. mile),
the death toll was only 86, thanks to the type of local
construction., The porular construction type is timber frame
with brick-fill or timber lath siding. The roof is usually
light and of timber construction with tiles,

Lots of landslides were observed. It was noted that
the rote of damage was not necessarily too hisgh in the vicinity
of the¢ foault zone.
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BARTIN EARTHQUAKE (3.9.1368)

(M = 645, epicentrel intensity I,= VIII (iM), epicentral
co~ordinateSé S10ies)
11°.38 M - 329720 B (1.7.00))

Bartin earthquake caused interest, from the point of
view of earthquake zoning. No earthquakes were recorded in
the past, and it was considered in the dangei~free zone.
However, 2 fleld study revealed that there were complicated
crack systems, pointing out that the region must heve experienced
earthquakes in the paust.

Loss of life was 26, due to local characier of the
earthguake, {the population density is 75 per sg¢.'m or 195 per
sq. mile).

It was observed that a 4 km (2.5 miles) portion of the
shore line was uplifted by 40 em (1' 1/3 approximately) in the
middle, graduzlly decreasing to the ends. The terraces at
several heights by the sez, show that there have been continuous
uplifting on the Black Sea coast.

llesonry is dominant in the region, but it is nct good
from earthguaske engineering view.

ATLASEHTR EARTHQUAKE (28.2.1969)

(M = 5.5, epicentral intensity I_= VIT (M), epicentral
cosordinates: °
387.3 W ~ 28°.6 E (mecro))

The earthquake was associated with vertical movements,
The area is well known from the point of agriculture (grape,
fig, tobacco, cotton etc.). The area of damage is within a
valley in efsgt-west direction. Soil conditions are very poor
in the cenvral part. The town Alasehir exhibits different
characters of soil, from the lower part of the valley, towards
the higher slopes.

The Gdominant dbuilding type 1s masonry. Generally
stone and adobe is used with mud mortar. Ceiling is covered
with raw timber, and earth is put on the top, to provide
insulation., As it is heavy, it is not gocd from earthguake
engineering point. Though 41 -lives were lost in the earthquake.
The population density in the area is 55 per sq.km (or
145 per sq. mile).

Minor relocations were decided, and prefabricated
housing is extensively applied after Bartin and Alasehir earth-
guakes.
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GEDIZ EARTHQUAKE (28,3.,1970)

(i1 = 7, epicentral intensity Io= IX (MI), epicentral
co~or&1natesé

3991 ¥ - 290.4 E %ma,cro) o
3.} .O “T - 29 3 E U-SoC,G’Sp)
_)9 ul N - 29 E (BtC'IlS.))

Much of the effect was felt in Gediz snd surroundings.
The town rests on a pertion of Gediz River Valley., Loss of
life is 1,086, The populeaticn dernsity is abous 35 per sg. lm
(or 91 per sq. mile). Great fires in Akcaalan and in some
districts of Gediz, increased the death toll and loss of
property. As may be understood, timber framed buildings are
popular, liasonry and reinforced concrete bulldings are also
met in comparably small numbers.

The location of Gediz town was chenged, and
microzoning studies were conducted in the new settlsoment,
Reconstruction was conpleted within four months.

Relation of damage and soil conditions were studied
by Earthqueske Research Insititute of the Ministry of
Reconstruction and Resettlement,

One of the distinguished features of Gedlz earthquake,
is the high interest of governmental and educational
institutions.

GENERAL CONCLUSIONS

The experience from the mentioned 5 earthquakes, as
representative of the general earthquake picture of Turkey,
provice conclusions applicable to the whole country. The mos$
importont conclusions cre as follows

- Earthquake resistance of local building types

- LEffect of soil on damage,
- Effect of earthquake on reinforccd concrete structures
- General

EARTHOUAKE RESISTANCE OF LOCAL BUILDING TYPES

Tocal buildings can roughly be divided into two groups,
with sub-~divisions as follows:

(a) Timber frame buildings (brick-fill itype; wood lath
gsiding type; mossive wood type)e.

(b) Hasonry type (field stone type, hewn stone type, brick,
adobe and concrete block types).
NATO UNCLASSIFIED
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TIMBER FRAME AND WOOD—~LATH SIDING TYPE BUILDINGS

In the affected arecs (e.g. in Akgaalon at Gediz area,
and lots of examples from Adapazari area), numerous sTanding or
at most slightly damaged buildings make the observers
surprised, who see many desiroyed ones around, These are two
or three storeyed timber framed and wood lath siding type
buildings. The load bearing system is composed of timber colums,
beams and diagonals. They are connected together by nails, and
wooden laths are nailed to form both inner ard outer wall
surfaces. The space between the sidings, is sometimes filled
with loose material for insulation, or left empty. The sidings
are covered by plaster, Use of nailed connections in great
extent, increagses the ductility. It is well known that
ductlllty is a greatly decired quality in earthquake engineering
to absor®b cnergy, transferred to the building. In addition,
wood laths prevent the filling material from falling down.

This decreases loss of life and keeps the form of walls esven
under great displacements. In some cases, ground floor of
masonry type collapsed, out the upper floor of this type came
down without much deformation and damage in-itself.

The common defect in this type of building is the
connections, where inadequate details are used, and number of
nails are less than required.

TINBIR FRAME AND BRICK-~FILL TYPE BUILDINGS

Although it has the merits of the former type,
falling of filling blocks can cause loss of life and extensive
deformation. Ductility is less than that of the former type.
Wire mesh prevents falling of the filling blocks to some extent.
This typc is opposed by some engineers, stating that two
building materials (timber and masonrys with quite different
dynemical characteristics, are brought together. In case of a
serious movement, the plaster cracks are formed on the joints
between timber and masonry block.

FIELD STONE TYPE BUILDING

These types of buildings @re in great number in Varto.
Mud mortar or nothing is uvscd to joint the stones. Usually
the ceilinz is heavy, a thick layer of earth for insulation,
is carried by raw timber beams., Evidently therec is no
resistance against earthquekes. The loss of life is heavy.

HEWN STCNE, BRICK AND CONCRETE BLOJK TYPE BUILDINGS

Though slightly better than the former type, the
ductility and resistance is not sufficient. A reinforced
concrete slab of adequate thickness and recinforcement, provides
connection between walls, resulting in grcater strength. As
this type is well known in other countries, only the
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earthouske aspects will be discussed. Althouga there are some
measures to increase the earthgquake resistance of masonry
buildings (e.g. providing close tie beams, to provide solid wall
blocks of adequate dimensions between window or door openings,
vtilization of high ceoment mortar, etc.) the past experience
shows thob this typs of building can be emsily dameged in
serious carthguskes. TIn Japan, for example, this type is
completely forbidden. As the material behaves in the brittle
way, not muich resistance is expected.

The following froctors increase the vulnerability of
this type of building:

1. Utilization of mud or lime mertar, instead of cement
MOriare

2 Brickwork, without wetting the bricks., In this case
the dry brick zbsorbs the water of the mortar and the
hydratation of the cecment is not complete.
Consequently the sheer resistance of the wall is
rather low.

e Poor connections of the tie beams in the corners.

4 Poor design of roof, allowing the members trans-
ferring horizontal forces to walls, rcsulted from
vertical loads,

ADOBE BUILDINGS

Ldote is locally made by mixing clayey mud and hay,
Though 1t hos not much strength as concrete block_ete., it is
light, eesily and cheaply produeed, Snd hect insulevion
is excellent, It can be used in load bearing walls, and in
brick filling of the timwber frames. ud moriar is used, Mud
alone or mixed with lime is used as plaster material.
It reguires repairment after heavy rains, Eorthguake resistont
code of Turkey has provisions on adobe buildinge. As this type
has clrcady been accepted for centuries, it can be said that
this vype will still be in use for many years.

EFFECT OF SOIL ON DAITAGD

Wallace, in his report on Varte (1966) earthquske,
notes three types of geologic conitrols:

{(2) Tegree of saturation of the alluvium;
(b) Proximity to landslides;

(¢} ZRelation to surface Ffaulting;
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The following is guoted from his report:

"Within the city of Varto geologic conditions appear
t0 have controlled the damage to the complex of 26 buildings
belonging to the Regioral School and Agricultural Service.
Varto is buiit on the alluvicl plains of a2 river ftributcry to
the Murat River and on benches rising 50 meters or more above
the pleins. An o0ld river channel having two branches crosses
the higher bench ard passes dircetly under part of the =cheol
and agriculitural seirvice complex. The old chamicl is bordered
by low subsidiary beunches {rom 3 to 3 meters high. The water
table was very near or 2% the surface in this o0ld channel at
the time this study was mode, o2nd meny springs are present
along its course. In the few axposures found, the channel
appears To be underlain by poorly sorted alluvial material,

In the bench on the northecst, alluvial fan deposits exist,
of poorly soried gravels containing clasts up to cobble size.

CT 14 relatively new buildings of reinforced concrete
situated on tThe old river channel, 12 collapsed ond one other
was serlously dameged. In conitrast, all 12 buildings of
similar construciion situated on the tench to the northeast
remained standing - some were essentially undonaged and others
were only siightly damaged, Many chimmeys were not even thrown
dovm. Inasmuch as most of the buildings on the old chammel
were twe storsys high, a comparison should be made betwesn the
one storey buildings on the two sites. A smcll one-storey
building, on the western side of the complex ncor the middle
of the chtmnel wos damoged beyvond repair and near collepse.

On the otlier kand, some sinilar one-storey buildings on the
highest port of the bench were almost unhormcde. The conclusion
seems to be thet there was a2 decided differcnce in the shaking
of the two sites, but whether the difference w=g in amplitude,
spectrum or duration could not be dcetermined,”

It is 2 known fact that high underground water table
increases the intensity, os shown by Medvedev in his formula,

Coming to Adapozari (1967) ecrthqucke, o greact par
of the offected settlement was on the deposits of Sakarya river.
The soil is zlluvium, and the underground water teble is about
1.00 meter (3 feet) from the surfoce. The collopse of five
storied reinforced concrete buiidaings, may poarily beccuse of
the predominant ground veriod, which is probzbly cbout the
order of the natural period of the structurcs.

In the zrea, affected by Bartin (1555) earthquake,
it can be observed that the single-~storey local type buildings
kave cxpericaced less dorege towards the higher parts of the
lcnd, the thiclmess cof the o2lluvium decreasing.
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Tn Alasehir arec {(1969), al.icst oll of the vineyord
houses collapsed, being on the axis of the oliluvial valley,
whilo the %town Alasehir hod experienced comporebly less deroge,
being cn firmer ground.

In old Gediz btown, microregicning studies were
conducted by A. Tabban, from Barthquoke Rescorch Instivute,
The resulits confirm thot demoge is higher to flexible buildings
such os reinforced concreise, ond timber frome buildings in
the lower part of the clluvivnm (thicker). The domage to the
rigid nogonry buildings on this type of scill, is nct sc severc.

LTter the new gsettlement was sclccied for Gediz,
microregionclization technics were applied To guide town planners
in cgsuring the optimum use of land.

TERLCT OF BARTHQUAKLS ON REINFORCLED COLCRUTY STRUCTURES

Wo destruction nor major damage hos been observad in
o I

well designed end built reinforced concrcie buillings.

The major factors, decreasing the strangth, can be

listed oo follows:

o

1. Unusually siori ond improper azncier bars for colurms.
2

Irmprover composition of concrcte (very coarse

crgregote, inodeguate amount of conen’ etc.).

Je Inadequate pouring and compaction of conecrete (lzek of
vibration).

Ge Inadequate curing of concrete (lock of wetting, after
pouring, for hydrosison of cement).

5 Inadequate longth of lapped aplice 3. comnestions and
corners.

6. Modification of dinemsion and locotion of merbers,
from the origincl design.

ReinTorced concrete bulldings in gonercl, proved to
have encusin ductility nind strength, when ther are properly

designed oné built, according to well kmown mil3az.
It is understocd that the conforuity to the rules, can

only be assured by closc inspcction of consitrvction activities
in all c¢f its three shoses:

1. Design of building.

2a Erpleying moterial in conformity with the design
cesemptions,
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3 Iuplementing the design, properly and cuploying
workmanship in conformity with the design assumptions.

Lock of technical personnel in locel organizations,
is the moin couse ¢f inadequate inspection.
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