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Son yillarda meydana gelen 1999 Chi-chi depremi (Tayvan), 2004 Chuetsu and 2007 Iwate-
Miyagi depremleri (Japonya), 2005 Kashmir depremi (Pakistan) ve 2007 Wenchuan (Tibet-
Cin) depremi biiyiik 6l¢ekli dogal yamaglarda ve mithendislik kaya sevlerinde duraysizliklara
neden olmustur. Bu sev duraysizliklari, alt-iist yap1 hasarlarimin yanisira yerlesim bolgelerinde
biiyiik hasarlara neden olmustur. Zeminlerdeki sev duraysizliklart ile karsilastirildiginda, kaya
sevi duraysizliklarinin olusturacagi etkiler oldukga biiytiktiir ve kaya sevlerinde duraysizlik
tiirleri kayanin igerdigi yapisal jeolojik unsurlara baglidir. Kaya sevi duraysizliklarinda aktif
yenilme bigimlerinin yani sira, pasif yenilme tiirleri de s6z konusu olup, bu tiir duraysizliklar
yer ivmesinin oldukga yiiksek oldugu durumlarda gézlenmektedir.

Bu calismada yazar, ilk 6nce kaya sevlerine depremlerin sarsma ve faylanma etkilerini
incelemek {izere laboratuvar kosullarinda yaptig1 model deneylerini sunmustur. Faylanmanin
etkisi i¢in gelistirilen deney diizeneginde faym egiminin degistirilmesi miimkiin olup,
yercekiminden yararlanilarak deneyler yapilmaktadir. Bu deney diizenegi ile deprem
faylanmasinin olusturacagi yerdegistirme durumununun kaya sevleri iizerindeki etkileri
incelenmistir. Deney sirasinda yerdegistirmeler ve yenilme sirasindaki ivmeler otomatik
olarak 6l¢iilmiistiir. Laboratuvar ortaminda kaya sevleri lizerinde sarsintinin etkisini incelemek
iizere yatay diizlemde hareket eden tek yonlii sarsma masast kullanilmistir. Kaya kiitlesini
olusturan malzemeler kirilabilir veya kirtlmayan bloklar kullanilarak olusturulmustur. Bu
model deneyleri kaya sevlerinde bilinen aktif duraysizlik tiirlerinin yani sira, pasif duraysizlik
tiirlerinin varligi ile olusum kosullarini géstermistir.

Yazar, yukarida sozii edilen depremlerde meydana gelen kaya sev yenilmeleri ile 6zelliklerini
inceleme olanagini bulmustur. Bu caligmada, deprem sonucu meydana gelen kaya sevi
yenilmelerinin temel 6zelliklerini sunmakta ve kuramsal ve gorgiil yontemler yardimiyla
bu yenilmeleri degerlendirmistir. Bunun yani sira, literatiirde sevlerin yenilme olgusu i¢in
depremin biiyilikligii ve depremin digmerkezinden olan uzakliga gore Onerilmis gorgiil
iligkiler gézlemlerle karsilastirilmaktadir. Birkag biiyiik sev duraysizlig: secilerek, heyelan
malzemesinin ulagabilecegi uzakliklar hesaplanmis ve gozlemlerle karsilastirilmigtir. Bu
calismadan asagida belirtilen sonuglara ulagilmigtir.

1. Bilyik sev duraysizliklar1 (heyelanlar) depremin meydana getirdigi sarsintilarin
siddetinin yan1 sira, sevi olusturan kaya kiitlesinin jeolojik yapisina da baghdir. Ozellikle,
tabakalanma, sistozite ve fay diizlemlerinin seve gore konumu ve makaslama 6zellikleri
olduk¢a onemlidir. Dolayisiyla, dogal yamaglarin ve miihendislik sevlerinin depreme
karst riski belirlenirken bu durumlar gézoniine alinmalidr.
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2. Depremden kaynaklanan sarsma ve faylanma kosullar1 altinda yapilan model deneyleri
sevlerin duraysizlik mekanzimalarinin anlasilmasinda olduk¢a yararli olup, aktif
duraysizlik tiirlerinin yani sira pasif yenilme bigimlerinin oldugunu da gostermistir.

3. Gozlemler, yenilen sevlerin sayismin ve biiyiikliigiiniin fayin taban blogundakilere
nazaran tavan blogunda daha fazla oldugunu gostermistir. Bu gozlemsel bulgularin
temelinde tavan blogundaki yiiksek ivmeler ile kalic1 yerdegistirmelerin biiyiik roli
oldugu diistintilmektedir.

4. Deprem miihendisliginde ve bolgesel deprem riskinin belirlenmesinde dogal sevlere ¢ok
az 6nem verilmektedir. Son yillarda meydana gelen depremler; miihendislik sevlerindeki
duraysizliklarla karsilastirildiginda, dogal sev duraysizliklarinin etkilerinin ¢ok biiyiik
oldugunu gostermistir. Dolayistyla, 1 no.lu sonugta da belirtilen durum disiiniilerek
dogal sevlere daha fazla 6nem verilmesi gerekmektedir.

Anahtar Kelimeler: Kaya sev duraysizligi, deprem, aktif ve pasif duraysizliklar, faylanma,
sarsinti
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ABSTRACT

Many recent earthquakes such as 1999 Chi-chi earthquake (Taiwan), 2004 Chuetsu and
2007 Iwate-Miyagi Intraplate earthquakes (Japan), 2005 Kashmir earthquake (Pakistan)
and 2007 Wenchuan earthquake (Tibet-China) caused many large scale rock slope failures,
some of which are classified as landslides. These slope failures induced tremendous damage
to infra-structures as well as residential areas. Compared to soil slope failures, the scale and
the impact of rock slope failures are very large and the form of failure differs depending upon
the geological structures of slopes. Furthermore, the failure of the rock slope failures may
involve active and passive modes. The passive modes can only be observed when the ground
shaking is of quite large.

First the author describes some model set-ups and experiments to investigate the effects
of shaking or faulting due to earthquakes on rock slopes. An experimental device for
investigating the effect of faulting under gravitational field is used and the orientation of
faulting is adjusted as desired. This experimental device is used to investigate the effect of
forced displacement field due to faulting on rock slopes. The displacement and accelerations
were measured simultaneously. To investigate the effect of shaking on rock slopes, dynamic
testing of the models were performed in the laboratory by means of a one-dimensional
shaking table, which moves along horizontal plane. Rock mass models consisted of either
breakable or non-breakable blocks. The experiments clearly showed that passive modes of
slope failure occur in addition to active mode of failure of slopes.

The author had some chances to investigate the characteristics of the rock slope failures
caused by the earthquakes mentioned above. The author describes the fundamental
characteristics of the rock slope failures induced by the earthquakes mentioned above and
evaluate their modes according to some empirical and theoretical models. Furthermore, the
observations for slope failures in relation to earthquake magnitude and epicenter distance
were compared with several empirical relations available in literature. Some of major rock
slope failures induced by earthquakes are selected and the post-failure motions are simulated
and compared with observations.

From this study, the following conclusions are drawn:

1. The major rock slope failures (landslides) are greatly influenced by the geological
structure of rock mass as well as the shaking characteristics of earthquakes. Specifically,
the orientation and shear strength properties of bedding planes, schistosity and existing
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faults are of great importance. Therefore, the stability assessment of natural and cut slopes
must strictly consider this fact in the risk assesments of slope failures by earthquakes.

2. Model experiments under shaking or faulting conditions due to earthquakes clarified the
main mechanism of slope failures and they showed that there are also passive modes in
addition to the active modes known in rock slope engineering.

3. The scale and number of slope failures are much larger on the hanging wall side of the
earthquake fault as compared with those on the foot-wall side. Higher ground motions
on the hanging wall side and the permanent ground movements are probably the major
causes for this observational fact.

4. The consideration of failures of natural rock slopes has received very little attention
in earthquake engineering and regional seismic risk assessments. However, the recent
earthquakes reported in this study showed clearly that the scale of natural slope failures
is much larger than the cut-slopes. Therefore, much attention must be given to the
possibility of natural rock slopes with the due considerations of facts indicated in item 1.

Keywords: Rock slope failure, earthquake, active and passive instabilities, faulting, shaking
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