ONBIR KATLI KIRi§SIZ DOSEMELI BIR YAPININ
DEPREME KARS$I GUVENLIGININ ARTIRILMASI

INCREASING THE SEISMIC SAFETY OF A FLAT-SLAB
BUILDING WITH ELEVEN STOREYS

HaSan Boduroglu' ve Niyazi Parlar®

SUMMARY

In this paper, a brief history of aseismic codes of Turkey was given.
Because of the changes in these codes, buildings may need strengthening
to increase their seismic safety. In this context, a flat-slab building
having two basements, a ground storey and seven storeys and a pent-
house was investigated for its resistance against seismic lpads. The
building was designed and constructed using the aseismic code of 1968.
It was found out that the building needs strengthening according to the
aseismic code of 1975 in order to increase its seismic safety. A three
dimensional structural analysis of the existing building showed that the
strength of the columns was low and relative storey displacements were
higher than the required values in the 1975 code. To achieve this, new
shear walls were added to the building which helped to reduce seismic
loads on existing columns and also the relative storey displacements
within the constraints of the code. Connection details of newly added
shear walls to the existing structure was given.

Prof.Dr. 1.T.U. Insaat Fakiiltesi, Maslak, Istanbul
?pParlar Miithendislik ve Mimarlik Ltd. Sti.
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OZET

Bu bildiride 1975 yilindan 6nce yapilmis olan iki bodrum, zemin, yedi
normal ve bir ¢at1 katindan olusan tasiyici sistemi kirigsiz dogemeli
binanin depreme karst giivenliginin artirilmast projesi agiklanmustir ve
bu tiir binalarda kargilasabilecek sorunlar tartigtlmigtir. Binanin statik
ve betonarme projeleri bulunamadigindan 6ncelikle binanin betonarme
rolevesi ¢ikarilmistir. Daha sonra yapida beton kalitesini belirlemek igin
malzeme deneyleri yapilarak malzeme Ozellikleri saptanmis ve binanin
ic boyutlu deprem hesaplar1 yapildiktan sonra yapinin deprem
giivenliginin hem mukavemet hem de bagil kat yer degistirmeleri
bakimindan yetersiz oldugu gorilmiistiir. Yapinin mevcut deprem
yonetmeligine gore perdelerle gii¢lendirilerek {i¢ boyutlu hesaplar ve kesit
ve bagil yer degistirme kontrollar1 yapilmis ve gii¢lendirme projeleri
hazirlanmistir. Giiglendirme projesinin ayrintilari verilmistir.

GIRIS

Deprem mihendisliginde elde edilen yeni bilgiler ydnetmeliklere
aktarilarak  yapilarin  deprem  giivenliklerinin  iyilestirilmesi
amaglanmaktadir. Deprem etkisi altinda olan gesitli iilkelerde mevcut
yapr stogunun degisen yonetmeliklere gore deprem giivenliklerinin
artirllmast  igin  galigmalar  yapilmaktadir. Ulkemizde deprem
yonetmelikleri ile ilgili ¢aligmalar Italyan Yapi Talimatnamesinin gevirisi
ile 1940 yilinda baglamig [1] ve 1940 yilinda Zelzele Mintakalari
Muvakkat Yap: Talimatnamesi ¢ikarilmugtir [2]. 1942 de bu talimatname
yenilestirilmigtir [3]. 1944 yilinda ise Deprem Bolgeleri Esasli Tamir
Talimatnamesi ¢ikarilmugtir [4]. 1948 yilinda ise Tiirkiye Yersarsintisi
Bolgeleri Yap1 Yonetmeligi yaymlanmistir [S]. 1949 yilinda ise bu
yonetmelik yenilenmistir [6]. 1953 de Yersarsintisi Bolgelerinde
Yapilacak Yapilar Hakkinda Yonetmelik gikariimistir [7]. 1961 yilinda
ise Afet Bolgelerinde Yapilacak Yapilar Hakkinda Yonetmelik seklini
almugtir [8]. Bu yonetmelik 1962, 1968 ve 1975 yillarinda yenilenmigtir
[9,10,11].

Tim yonetmeliklerin kargilagtirilmasi yerine incelenen binanin inga
edildigi 1968 ve 1975 yonetmelikleri kisaca karsilastirildiginda depreme
dayanikli binalarin hesap esaslarinda epey degisiklik oldugu
gorilmektedir. Bunlar yatay yiik katsayisinin belirlenmesinden yatay
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yiikiin dagitimina kadar ve yatay burulma momenti etkisine kadar cesitli
adimlant kapsamaktadir. Ayrica betonarme yapilar ile ilgili de
degigiklikler olmustur. Bu degisikliklere gore hesaplar tekrar yapilarak
yapinin mevcut deprem ydnetmeligine gore giiglendirme projesi
hazirlanmigtir. Yapinin statik ve betonarme projelerinin bulunamamig
olmast nedeniyle betonarme rolevesi ¢ikarilmistir. Tipik bir kat plam ve
gorliniig Sekil 1 de verilmigtir.

YAPININ BETON KALITESININ BELIRLENMESI

Ayrica yapinin beton kalitesi deneylerle tesbit edilmistir. Yapidan bes
adet karot alinmig ve oniki yerde Schmidt deneyi yapilarak ortalama
beton kiip mukavemeti 176. kg/cm2 ve TS 500 (12) de 6ngoriilen
sekliyle % 90 giivenlikli beton kiip mukavemeti 106 kg/cm2 olarak
hesaplanmustir.

YAPIYA GELEN DEPREM YUKLERININ 1968 ve 1975
YONETMELIKLERINE GORE KARSILASTIRILMASI

1968 yonetmeligine gére deprem nedeniyle yapiya gelecek toplam
deprem kuvveti asafidaki C deprem Kkatsayismn W bina toplam
agirligiyla carpilmasiyla elde edilmektedir.

C=C o= xpxy ¢))

BuradaC o deprem bolge katsayisi, & deprem zemin katsayisi, 5 bina
onem katsayisi, ¥ bina dinamik katsayisidir. Mevcut yapinn i boyutlu
olarak SAP90 ile birinci moda ait titresim periyodu 2.05 saniye olarak
hesaplanmigtir. Buna ait modelleme Sekil 2 de sunulmustur. Esdeger
cerceve ile yapilan hesapta ise periyot 1.95 saniye olarak bulunmustur.
Yonetmelikteki yaklasik bagintiya gore hesap yapildiginda bu deger

T-0. 09 H/ yD-0. 67 @)
olmaktadir. Burada yaklasik bagintidaki hatanin ne kadar biiyiik oldugunu
gostermektedir. Bu da yapinin kirigsiz dosemeli  olmasindan

kaynaklanmaktadir. 1968 yonetmeligine gore incelenen bina ve zemin
kosullan igin bu deprem katsayist
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C-0.04x1.0x1.0x0.46-0.018 (3

olarak bulunur. Bina toplam agirligi ise 1968 yoénetmeligine gore
hareketli yiik katsayisi gozoniine alinarak  4929.6 ton olarak
hesaplanmigtir. Bu durumda binaya gelen deprem yiki 90.70 ton
olmaktadir.

1975 yonetmeligine gore benzer islemler yapildiginda bu yonetmelikteki
deprem katsayisi -

C—CoxkaxI (4)

bagintisiyla verilmektedir. Burada C'g deprem bdlge katsayisi, K yapi
tipi katsayisi, S yap: dinamik katsayis1 ve I yapt 6nem katsayisidir. Bu
deprem katsayisi ise incelenen bina igin

C-0.08x1.x0.38x1.-0.030 (%)

olarak hesaplanmustir. 1975 yénetmeligine gore hareketli yiik katsayisi
gdz Oniine alinarak 4642.28 ton olmaktadir. Bu yonetmelige gore binaya
gelen deprem yiikii 139.26 ton olmaktadir. Bu durumda iki yonetmelik
arasindaki deprem katsayisi farki % 57 ve deprem yiikii farki ise %35
olmaktadir. Bu nedenle yapinin statik-betonarme hesaplan 1975
yonetmeligine gore tekrarlanmalidir. Bu yapildifinda yapinin kenar ve
orta kolonlarinda sira ile % 68 ve % 63 donati eksikligi gorilmigtiir.
Ayrica 1975 yonetmeligindeki katlar arasindaki bagil yer degigtirme
kisitlamas: tahkik edildiginde bu degerlerin kat yiiksekliginin % 0.25 ini
gegmemesi gerekmektedir. Mevcut yapr igin bu kisilama 0.68 c¢m
olmaktadir. Yapinin ii¢ boyutlu analizinde bu degerler cesitli katlarda %
20 ile %30 oraminda agilmaktadir. Bu durumda yapinin giiglendirilmesi
gerekmektedir.

GUCLENDIRME PROJESI
Yapinin mimari durumu ile uygun olacak bigimde dort adet giiclendirme

perdesi yapilmasi disinilmigtir. Bunlarin yerleri Sekil 1 de
gosterilmistir. Bu sistem yine SAP90 ile ¢oziilmiistiir. Bu duruma ait
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ekil 3 de gosterilmistir. Yeni eklenen perdeler deprem ytiklerinin
smint  almalart  nedeniyle mevcut kolonlar deprem yiikleri
Indan yeterli hale gelmistir. Ayrica yer degistirme kisitlamalar: da
mig bulunmaktadir.

!LENDI'RME SISTEMININ ESKI SISTEM JLE
ASTIRILMASI

mevcut kolonlara uygulanacak ankraj gubuklari ile perde donatilari
/-xa sargr donatist yerlestirilmistir, bu detaylar Sekil 4 de
rilmigtir. Ayrica 30 cm kalinhgindaki doseme delinerek perde
~tlant st katlara uzatilacaktir. Boylece mevcut cerceve icleri
rularak giiglendirme perdeleri elde edilecektir. Deprem yiiklerinin
ne aktarilmasi i¢in eski temel ile yeni temelin birarada caligmasini
yan bir diizen kurulmustur.

(a eklenen perdelerle mevcut sistemin birarada ¢alismasini saglamak
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DEPREMLERDEN HASAR GOREN YAPILARIN
KOLONLARININ ONARIM VE GUCLENDIRILMESI

REPAIR AND STRENGHTENING OF BUILDING
COLUMNS DAMAGED BY EARTHQUAKES

Halit Demir'

SUMMARY

Repair and strenghtening methods of reinforced concrete
columns, used in the practice are summarized. General outlines are
given first. Later local repair of cracks injecting epoxy resins and
cement grouts or replacement of the damaged parts is descfibed. In
strenghtening using reinforced concrete jacketing, steel profile
jacketing and steel encasement are also described.

Following these, general recommendations to be considered are
given.

OZET

Depremlerden hasar gérmiis yapilarmm kolonlarinin onarmm
ve glglendirilmesi ele alinmig ve bunlarla ilgili uygulamadaki
metodlar agiklanmigtir. Once genel bilgiler verilmis sonra her bir
yontemin uygulanmast anlatilmigtir. Yerel onarimda cesitli regine
veya c¢imento harci enjeksiyonu, hasarli kismin kismen veya
tamamen kaldirilmast yontemleri, giliclendirmede ise betonarme
manto, gelik profil iskelet ve celik levha kilif gecirme metodlart
tanitidmigtir. Sonunda da gézoniinde tutulmasi gereken hususlara
dikkat cekilmigtir.

1

Prof. Dr.,I.T.U. Ingaat Fakiiltesi, Maslak, Istanbul
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GIRIS VE GENEL BILGILER

Depremler yapilarin tastyict sistemlerinde hasara ve bu
nedenle fonksiyon ve mukavemet kaybima sebeb olabilirler. Bdyle
durumlarda yapmnin onartm ve/veya gllendirilmesine gereksinme
duyulur. Onarim (tamir) gorinis ve kullanim bakimmdan
hasarli bir yapmm gortiniig, kullanilirlik,tasima gicli ve diger
mukavemet ve statik karakteristiklerinin ve gereginde dayaniminin
iyilegtirilmesi igin Snceki karakteristiklerini tamamen veya kismen
geri getirmek tizere yapilan iglem ve degisikliktir.

Gliuclendirme (takviye) yapimnin tagima gucind,
rijidligini, diktilitesini veya stabilitesini veya bunlardan bir veya
birkacint meveut durumunun lzerine ¢ikarmak igin yapilan
miidahale ve degigikliktir. Bunun i¢in yapinin hasar gérmus olmasi
gerekmez. Kullanmm ve isletme yiiklerinde bir artmanin sz konusu
olmast halinde giiclendirme gerekebilecegi gibi éngériilen ylkler igin
eksik projelendirilmis veya inga edilmis bir yapinin da
giiclendirilmesi gerekebilir.

Hasarli veya hasarsiz, mukavemet karakteristikleri eksik bir
yapinin  giglendirilmesi gerektiginde (hasarli veya hasarsiz)
elemanlarinin glglendirilmesi ve/veya yapinin ilave elemanlar veya
sistemlerle gliclendirilmesi séz konusu olur. Bu konularda bilgi,
kaynaklar listesinde verilen [1-7] ve daha bagka yaymlarda '
bulunabilir. Bu yazida tasiyict elemanlardan kolonlarin onarim
ve glclendirilmeleri ele alinacaktir. Bu tiirli miidahale ile tastyict
sistemlerin mukavemeti bir dereceye kadar veya onemli derecede
arttirilabilir.  Bu arada diiktilite (siineklik) de 1slah olunabilir.
Ayrica rijidlik artirlabilir. Fakat bu sonuncu hususta dikkatli -
olmak gerekir. Ciinki rijidligin artmasi bazit kere yaninda bazi
problemler de getirebilir. ,

Istenilen deprem mukavemetine, hasar diizeyine, elemanlarin
tiplerine ve birlegimlerine gore tastyict
sistem kisitmlart onarilabilir ve/veya gugclendirilebilir. Bunun igin
enjeksiyon, hasarli kistmlarin ¢ikarilmasi ve yerine yenilerinin
konulmast veya mantolama, ya da bunlarin bazilarmin birlikte
uygulanmasi cihetine gidilebilir.

Biitin bu iglerde eski ve yeni beton arasinda saglkli bir
aderans temin edilmesi son derece onemlidir. Bunun i¢in orijinal
kismin 6rtisiinii veya kabugunu c¢entmek ve yontmak ve ylizeyi
pliriizlendirmek, ylizeyi tutkallamak (betonlamadan 6nce 6rnegin
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epoksi ile), ilave egik donatt gubuklar:i kaynaklamak veya betonarme
veya c¢elik baglantilar, dubeller, pimler kullanmak yollarina
gidilebilir.

Az aralikli, yeterli ve uygun bigimde etriye ve sarg:
c¢ubuklar: ile enine dogrultuda sarip genislemeye karst kisitlamak
enine yayilmayr onlemesi ile bir gulglendirme oldugu gibi
elemanlarin duktilitesini de arttirir ve ¢ok yararhdir.

Elemanlarm rijitliklerindeki degigimler dolayisiyla tasiyici
sistemde i¢ kuvvetlerin yeniden dagiliminin bazi durumlarda cok
onemli olmast s6z konusudur. Bu hususun dikkatle gézoniine
alinmasi gerekir.

Kogebent (korniyer) profillerle ve gelik geritlerle tegkil edilen
iskelet gegirmek suretiyle yapilan takviyeler tekil elemanlarin
glgclendirilmesinde kullanilir. Bu ‘yoldan kirig-kolon birlesimlerinin
takviyesi imkansiz veya ¢ok zordur.

Celik levha kilif ile gomlek giydirme, esas elemanlarin
yuzeylerine c¢elik levhalar yapigtirarak gerceklestirilir. Donat1
olarak is gdéren celik levhalar betona epoksi recineleri ile
vapistiriirlar.  Bu  teknik herhangi bir tahribati gerektirmez.
Uygulamasi epeyce kolaydir. Elemanin kesit boyutlarinda artig
ihmal edilebilecek kadar azdir.

 Celik profillerle teskil edilen iskelet gecirme ve
levhalarla yapilan gémlek giydirme takviyesinde yeni
eklenen c¢elik pargalarin yangma ve korozyona karst korunmasi
bakimmdan 6zel Onlemlerin alinmasi gereklidir. Betonarme
mantolama béyle bir koruma 6nlemini gerektirmez fakat ingaat1 cok
daha zordur. .

Rehabilitasyondan ama¢ Dbinalarin depreme kars:
mukavemetini iyilestirmektir. Burada, kolonun egilme ve kesme
mukavemetlerinin artirilmasi, sinekliginin (duktilitesinin)
iyilegtirilmesi s6z konusu olabilir ve bunlar uygun tekniklerle
gerceklegtirilebilir.

Kolonun egilme mukavemeti, beton kesit alaninin
blylitllmesi ve yeni boyuna donatilar ilave edilmesi suretiyle
artirilabilir. Kesme mukavemeti ve ¢zellikle de siineklik etriyeler ve
celik kusak veya sgeritlerle sarmak ve sinwrlamak suretiyle
iyilegtirilir. Kolon rijjitliklerini zorlanmalar1 ile orantili duruma
getirmek, bunun i¢in mesela bagka elemanlarla gereginde irtibatini
kesmek veya birlikte ¢aligmasmi dnlemek, tasiyicr sistemin biittin
kolonlarmm uyumlu davranigt bakimindan iyilesme temin
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edebilir.

Tastyic1 sistem yikilmamakla beraber betonarme kolonlar
hafiften agira kadar degisen cesitli sekillerde hasar gdrebilirler.
Betonda kirilma veya donatida hasar olmaksizin yatay veya egik
dogrultuda catlak, betonun ezilmesi, donatinin burkulmasi,
etriyelerin kopmast veya agtlmast bu tiirli hasar cesitlerinin
baslicalaridir. Hasarin derecesine gdre enjeksiyon, hasarli kismin
kaldirilmasi ve yerine yenisinin konulmasi yani yeniden yaptlmasi
veya mantolama gibi onarim ve glgclendirme teknikleri kullanilabilir.

KOLONLARIN ONARIM VE GUCLENDIRILMESI

Yukarida verilen genel bilgilerden sonra agagida kolonlarmn
onarim ve giiclendirilmesi ile ilgili yontemlerden uygulamada en ¢ok
kullanilanlari, yerel onarimlar ve betonarme mantolama, gelik profil
iskelet gecirme, celik levha kilif giydirme suretiyle giliclendirme
basliklar: altinda sunulmaya caligilacaktir.

Yerel Onarimlar

Recine enjeksiyonlari betonu veya donatisi hasar gérmemis,
sadece hafif catlakli kolonlarin onariminda uygulanwr. Enjeksiyon
donaniminin sonundaki agizlik kisminda karistirilarak
hazirlanan recine 0.1-5 mm genigligindeki ¢atlaklar i¢in uygundur.
Regine, 20-100 cm araliklarla agilmis olan deliklere yerlestirilen
agizlardan enjekte edilir.

Cimento harci enjeksiyonlar1 ise daha genis catlaklara
uygulanabilir (2 - 5 mm). Enjeksiyona kolonun tabanindan baglanir
ve yukart dogru ilerlenir. Mukavemet ve stkiik konusunda emin
olunmali veya kontrollari uygun gortiilecek sekillerde yapilmalidir.

Betonu ezilmis, donatisi burkulmug veya etriyeleri kopmus
hasarli kolon durumlarinda hasarlt kismin ¢ikarilip yenisinin
yapilmasi yoluna gidilmelidir.

Betonun hafifce hasar gordigi durumlarda gevsemis beton
kaldirilir, ylizeyler piriizlendirilir ve tozlar temizlenir. Kaldirilan
betonun miktarina bagli olarak bir miktar ek etriye ve boyuna
donat1 konulabilir. Betonlamadan énce mevcut kolon suyla islanir
ve suya doyurulur. Kalip ve yerlestirilen beton onartlacak seviyenin
yeterince yukarisma kadar devam ettirilir, Bir giin sonra kalip
sokiilebilir ve fazlalik teskil eden hentz taze beton ¢entilebilir.

Boyuna donatiin, etriyelerin koptugu ve betonun ezildigi
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durumlarda hasarli kisimlarm tamammim kaldirilmasi ve yerine
yenisinin yapilmasi cihetine gidilir,

Eger sadece onarim gerekli ise baslangictaki kesit alani
korunur.  Eger giiclendirme gerekli ise kolonun kesit alani
artrilmalidir. Hasarli ve gevsek beton yerinden kaldirilmals,
yeni boyuna donat1 konulmali ve meveut donatiya kaynaklanmali,
ayrica kiiclik araliklarla yeni etriyeler ilave edilmelidir.

Rétre yapmayan veya rétresi az olan beton kullanilmalidir,
Mevcut betonla yeni beton arasinda iyi bir aderans saglamaya biyuk
ozen gosterilmelidir.

Betonarme Mantolama

Mantolama biiyiik hasarl kolonlarda veya kolon
mukavemetinin yetersiz oldugu hallerde uygulanir. Boylelikle
kolonlarin kapasitelerinin artmas nedeni ile hem bir giiclendirme
yontemi olur, hem de hasarlar gidermesi bakimindan bir onarm
gorevi gorur.

Genel anlamdaki mantolama betonarme manto, celik profil
iskelet veya gelik levha kilif ilavesi suretiyle yapilabilir.

Betonarme mantolama, ilave bakimmdan kolon cevresinde
mevcut olan sahaya ve calisma sartlarina gére bir, iki, ii¢ veya dért
yandan yapilabilir. Dért yandan yapilmast 6zellikle tavsiye olunur.
Clinkd ileride olabilecek depremlerde en iyi davranig bu sekilde elde
edilebilir. Ayrica meveut betonla yenisi arasinda en iyi aderans bu
sekilde saglanabilir. ' v

Bir, iki veya ti¢ yandan mantolamada kolonun, ilavenin gelecegi
kisimlarindaki betonu gentilerek temizlenmeli ve meveut etriyelere
yeni etriyeler kaynaklanmalidur. ,

Dért yandan mantolama halinde biiyik yiiklerin aktarilmas;
durumlar: haricinde meveut kolonun dort yanmnm piirtzlendirilmesi
yetebilir, ‘

Donatilart kat désemeleri igerisinden devam ettirmeden kat
yiksekligi icerisinde yapilan mantolama kolonun o bélgedeki eksenel
ve kesme mukavemetini artirrr. Fakat kolonun egilme mukavemeti
ve kolon-kiris diigtimiiniin mukavemeti artmaz. Bu nedenle ileride
olabilecek bir depremde gcergevenin tim olarak davranigi yeterli
olmiyabilir. ’ :

Sadece kat icerisinde kalacak bir mantolama depreme kars:
egilme mukavemetini lyilestirmediginden ayrica'deprem perdelerinin
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ilavesine gereksinme s6z konusu olur. Uygun ve yeterli efilme
mukavemeti yeni boyuna donatilam betonayme dégemede agilan
deliklerden gegirerek ve kolon-kirig birlesim bélgesinde yeni beton
dékiilerek saglanabilir. Boyuna donatinin dégeme kirigleri bélgesinde
iyi sartlmasina ve kavranmasina 6zel 6zen gisterilmelidir.

Yalniz bir taraftan mantolama durumunda meveut betonla
‘yenisi arasindaki baglanti iyl bir detay ve az aralikli, iyl ankre
edilmig ilave enine donati ile saglanmalidir,

Asagidaki ¢ozlimler uygulanabilir:

- Meveut boyuna donatiya etriyelerle ::mkra] yapiimasi,
- Kaynak gart degildir. Fakat ilave etriyelerin kancalarmin gegmesi
icin betonun serbest yliziiniin gentilmesi zorunludur.

- Ilave etriyelerin meveut kolona kaynaklanmast. Etriye
bolgesmde beton &rtll kaldmrimall ve her yeni etriye meveut birine
- kaynaklanmahdlr .

Boyuna donatiya kaynaklanmw, biikciilmiis ¢ubuklarla
baglantl saglanmast. Beton sadece kaynak bélgesinde ve boyuna
donatiya . kadar c¢entilmelidir. Boylelikle kesme kuvvetlerini
tagiyabilecek digler teskil edilmis olur. Bilik{ilmiig cubuklar, boyuna
dopat1 arasmnda direkt kuvvet aktarmma imkan verirler.
Kaynaklanmig biikiik gubuklar yerine meveut ve yeni-boyuna donatt
arasinda celik levha kaynaklanabilir.

Iki ve ig¢ yanh mantolama hallermde de benzer detaylar
uygulanabilir,

Dért yandan mantolamada geguth ¢hzimmlerin uygulamnam
miimkiindiir. Bunlarda gu sekilde hareket edilir:

Mantolama kaynakh Rasir donatt ve beton tabakast ile
gergeklegtirilebilir. Bu g¢éziim kolonun yerel siinekligini iyilegtirir
fakat kolonun egilme mukavemetini hasir donatmin ddgemeden
gegmesinin imkansizligi dolayisile 6nemli derecede artrmaz. Hasir
donati uzun bir binme bdlgesi olmak lzere kolonu sarmall, ya.da
- kargiliklh iki ytuzde yeterli birer binme bélgesi olmak lizere iki
hasirdan olugmalidiyr.

Biikilmiig baglayie1 ¢ubuklar kullanarak mantolamada ilave
donatt meveut donatiya biikiilmils cubuklarin kaynaklanmas: ile
" eklenmigtir. Bu sekilde mantolama orta donat: ¢ubuklarimn yeni
etriyelerle sarilamadigi bliyik kesitteki kolonlarm
mantolanmasinda uygulanir.

Etriveler kulanilarak mantolamada yeni ilave edilen boyuna
donatl cubuklarmin kégelerde yogunlagtirilmas: suretiyle boyuna
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donatinin  tamaminin sarilmast saglanir. Sarmanmn  temin
adilebilmesi igin manto kalinhgi yeterli ve etriyeler yeterli sitklikta
olmalidir, Bu yéntemde dégemede agilmis deliklerden gegen yeni
boyuna donafi ile kolon mantosuna alttaki ve {stteki kolonlarla
siirekli bir baglanti temin edilir.

Iyi bir sargi dairesel kapali (yeterince binen) etriyeler ve
dairese] yeni bir beton kesit kullanilarak da ger¢eklegtirilebilir. Genig
kirigler halinde boyuna donat: dégeme iginden gegirilemez. Kirigsiz
ddseme veya nisbeten dar kirigler halinde ilave donatmmin dégeme
icerisinden gecirilerek birlegtirilmesi miimkindiir. Etriyelerin, sargi
donatistnin uygun ve yeterli ankrajina ve eklenmesine ézel dikkat
gosterilmelidir.

Mantolamada ayrica sunlara dikkat edﬂmehdJr _

- Yeni malzemelerin mukavemeti kolonda mevcut, malzemenin
mukavemetine egit veya ondan fazla olmalhd. Beton
miukavemetinin mevcut betonunkinden en az 5 MPa (50 kgﬁ'cm“’) fazla
olmas: uygun olur.

- Mantonun kalinhig piskiirtme beton halinde en az 4-5 cm,
yerinde dékme beton halinde 10 cm olmalidir.

- Nlave beton alantna gére ilave boyuna donatt orani 0.01 den

az, 0.06 dan fazla clmamalidir. Bu donati1 dért yandan mantolama
halinde 4 adet gubuktan az ve ¢aplart 14 mm den ince olmamalidir.
. - Eiriyeler, kdge donati cubufu ve yanindaki boyuna gubuk-
etriye kégeleri tarafindan yandan desteklenecek gekilde olmalidrr.
Hig bir ara ¢ubuk kdgeden 10 em den daha uzak olmamalidr, Bazi
hallerde mevcut kolonun icine delikler agmak, deliklerin igerisine
epoksi ile etriye kancalarini tesbit etmek veya kolonun kalmliginca
delik acarak etriyeleri yerlegtirmek gerekebilir.

- Etriyelerin g¢aplar en az 8 mm olmali, boyuna donat1
cubuklarinin capmin dicte birinden az olmamalidir. Ancak
kaynakl: donat: hasirt halinde bunun altma inilebilir.

- Etriyeler arasindaki dligey aralk 20 em den fazla
olmamalidir. Digim civarinda kolonun serbest boyunun ddrtte biri
kadar bir uzunlukta bu aralik 10 cm yi gegmemelidir. Ayrica bu
aralifin manto kahnligimi gecmemesi de tavsiye olunur,

Manto betonu ya normal veya dzel yerinde dokme beton, ya da
plskiirtme beton olarak yerlegtirilebilir. Her iki yéntem halinde de
meveut beton ylizeyi centilerek veya kuvvetli gekilde kum
pusldiirtiilerek tamamen pilirazlendirilmeli ve biitin gevsek malzeme,
toz ve yagdan temizlenmelidir. Beton dékiilmeden veya piskiirtme
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beton uygulanmadan &nce yeri betonun gelecegi ylzey iyice
islatilmal ve suya doyurulmalidir,

Celik Profil Iskelet Gegirme

Celik profil iskelet gegirme kolonun dért kdgesinin her birine
bir kégebent (korniyer) profili yerlegtirmek ve bunlari bir iskelet
tegkil etmek tizere enine kugaklarla baglamakla gergeklestmhr Bu
kusaklar en az 12 mm ¢apmda olmak tizere yuvarlak gelik qubuklar
veya minimum 25/4 mm kesitte olmak tizere ¢elik bandlar olabilir ve.
kogelerdeki korniyerlere - kaynaklanwlar, Korniyerler 50/50/5
kesitinden daha kiigiik olmamalidirlay. Korniyerlerle meveut beton
arasindaki araliklar ve bogluklar rétre yapmayan ¢imento harci veya
recine harc ile doldurulmalidir. Kaynakli. hasir donati ile
donatilmag betonla veya piiskiirtme betonla gerceklestirilen bir értil
yvangma kargt etkili ve ¢ok kere yeterlidir. Kuvvetlerin aktarilmast
"igin &nemli olan, korniver profiller ve dSseme aragmdakl siki1
dayanim, ddgeme 1le kolen gevresi boyunca dogrudan temasta olan ve
korniyerden tegkil edilmis olan yaka veya tasma diyebilecegimiz bir
eleman vasitasile gerceklestirilir. Genellikle yiik - taguma
kapasitesindeki artigin yaninda kolonun siinek davraniginda da bir
iyilesme elde edilir. Bununla beraber rijidlik hemen hemen degismez.

Bu ydéntem burada verilen daimi takvlyeden baska gecici
takv:yede de kullanilw. :

' Celik Levha Kilif Gegirme

Celik Iklif gecirme meveut kolonun ince gelik levha ile
tamamen ¢evrilip Srttilmesidir.

Bu uygulamada kolon kesiti gok 2z a:rtar 4-6 tam kaligmda
gelik . levhalar bir biitin tegkil etmek dizeie ‘sirekli olarak
kaynsklanmglardr ve mevcut kolondan belirli. bir uzaklkta
bulunurlar. Kilif ve kolon arasindaki bogluk rdtre yapmayan veya
genlesen ¢imentc hara veya betonla doldurulmalidir, Dairvesel kilif
en etkinidir. Cinki bu halde ¢embersel kuvvetler sayesinde sarma ve
kavrama temin edilir. Levhalarda egilme etkisi olusmaz. En etkili
sekildir. Dikdértgen seklinde kilif gegirme iki tene L seklinde
levhayt kosegenel olarak kargi késelerde kaynakliyarak veya doért
késeye konulacak dbrt korniyere dort yliziin dért levhasin
kaynakliyarak gerceklestirilebilir. Suneklik ve eksenel yik tasima
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mukavemeti celik kihifla (Szellikle dairesel kilif halinde) yerel
olarak dnemli derecede arttirilabilir. Fakat bir gergevenin egilme
mukavemeti bu yéntemle iyilestirilemez.” Ciinkil celik kaifi
dégemenin igersinden gecirmek mimkiin degildir. Yangmma ve
korozyona karsi korunma bakimindan dzel onlemler digiinilmeli ve
alinmalidir.

GOZ ONUNDE TUTULACAK BUSUSLAR

Cnartm vefveya giliclendirme hesaplar1 takviyenin yeterli
eksenel, kesme ve efilme mukavemeti temin ettigini ve slinekligi
iyilegtirdigini godstermek bakimindan gereklidir. Hesaplar
glclendirilen kelonun  rijitligini belirtmek bakimindan da
lizumludur. _ : _

. Proje hesaplarinin  kapsami hasar derecesine ve
gergeklegtirilmek istenilen gliglendirme diizeyine baghdy. Egilme
mukavemetinin hesabinda ilave edilen donati ve beton alani hesaba
katimalidir. Yeterli kesme mukavemeti ilave etriyelerin veya hasir
donatmin  belirlenmesi ile temin edilmelidir. Bu donat:
gur;lenchrllmls kolonun siinekligini de arttrr. Onaridlmig veya

gliglendirilmig kolonlardaki kesit biiylimesi 6nemli rijitlik artmalarina
sebep.olabilir. Bu da, deprem momentlerinin éncekinden farkl olarak
veniden dagilmasina, dolayisiyla da binanin gegitli kisimlarmda
deprem kuvvetlerinin degigmesine sebep olur. Rijitlik degigimihesaba
esas alinacak deprem kuvvetlerinin degismesine de neden olur.
Cinkd bu kuvvetler sistemin rijitligi ile de ilgilidirler. Bu sebepten
glglendirilmis kolonlarin rijitliklerinin en gercekcl gekilde hesaba
katilmast gok Snemlidir.

Kolonun meveut ve sonradan ilave edilen kistmlar: arasmda
etkilesim bu iki malzeme arasindaki aderansla ¢ok ilgilidir. Eger
aderans miikemmel ise ve mevcut ve sonradan ilave edilen kistn
arasinda kayma olmuyorsa gliclendirilmis kolon yekpare bir blok
olarak davranwr ve en yiiksek derecede mukavemet ve rijitlik elde
edilir. Yiikleme-zaman ge¢misi (gliclendirme igleri sirasinda gegici
olarak eksenel kuvvetin bosaltilmasi) ve malzemeye dzgli dzellikler
(siinme ve biiziilme olaylart dahil) meveut kolonla yeni eklenen manto
arasmda i¢ kuvvetlerin dagilwnm etkiler ve bunun hesaplarda goz
6niine alinmas: gerekir, Mukavemet hesaplannda basitlik temini
icin, kolon ciddi olaragk hasarlt degllse ve 1y1 bir aderans temin
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edilebiliyorsa, uygun bir kabul yapilabilir. Bukabule gére 6l yiklere
karg1 ilk kesit, hareketli yliklere ve deprem kuvvetlerine kars: da ilk
kesit ve manto kesitinden olugan kompozit kesit diigliniilebilir.

Gliclendirilmis kolonun rijitlifi bilegik elemanm davrans
hesaba katilarak belirlenmelidir. Eger mevcut kolonla yeni manto’
betonu arasmda iyi bir aderans varsa bu iki kesitten olugan bilegik
kesit yérine egdeger bir kesit diigliniilerek hesap yapilmalidir. Eger
aderans glipheli ise veya meveut kolonun betonunun mukavemeti
kiemen kaybolmugsa meveut kolonun katkisinin  uygun gériilecek
kabullerle azaltilmasi gereklr Bununla beraber glglendirilmisg
ile- elde edilecek rijitliklerinin toplamindan az alinmamaldir.
Mevcut: kolonun tamamen Lmlmasi smir durumunda elemanm
halde .onavilmig esas kolon  rijitlige thmal edilebilecek blr katkld&
bulunur.

Giliglendirilmig -kolonlarin gergek rijitlik ~ degerlerindeki
belirsizlikler hedeni ile proje milthendisi kesin proje hesaplar igin
uygun rijithik kabuileri yapmalidir. Tagiyier sistemlerin ¢ofu igin
pratik bir yaklagim olarak monolitik elemana ait rijitlik degerleri
kullanider. Rijitligin ekstrem degerlerini kullanarak yapilan
hesaplar belirli ger¢eve noktalarina saplanan kolonlar ve kirigler igin
géresel rijitlikleri degerlendirmek bakmmndan uygun olabilir.
Kompleks tagiyian sistemler igin rijitlikie degigimle ilgili kabullere
dayanan daha detayli hesaplar kullanilabilir, ' '
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UZMAN SIiSTEM VE SINIRSEL 'SEBEKELERiN DEPREM
HASARININ BELIRLENMESINDE KULLANILMASI

USE OF EXPERT SYSTEMS AND NEURAL NETWORKS IN EARTHQUAKE
DAMAGE QUANTIFICATION

Polat Giilkan' ve Ahmet Yakut'

SUMMARY

Objective evaluation of structural damage in buildings which have been subjected to
strong ground motions is an undertaking where expert knowledge and computational
ability of ncural networks must be blended. Often, in the immediate aftermath  of
earthquakes field data is collected by survey teams whose expertise is variable. The use
of knowledge-based systems capable of reaching an unequivocal decision on the damage
state of a given building on the basis of queries arranged in a consistent hicrarchical
order would remove human subjectivity. This paper describes the internal design of an
expert system called EPEDA which is used as a tool for making a numerical ranking of
damage in reinforced concrete buildings. Damage to individual elements is quantified
on the basis of severity, relative member importance and number of affected elements.
Factors contributory in nature to the damage are summed with this score, as are scores
expressing the overall system vulnerability. The final score is expressed as anumber
ranging from 0 to 100. A sample case is worked out to illustrate how the system works.
Besides, a robust damage assessment methodology must be capable of recognizing
patterns in the observed response of the structure resulting from the individual member
damage. This capability appears to be within the scope of pattern matching capabilitics
of neural networks. Therefore, the use of neural networks in earthquake damage
assessment will be discussed.

OZET

Giigli yer harcketlerine maruz kalan binalarda meydana gelen hasarin belirlenmesi
uzman bilgi ve yapay sinirscl yebekelerin hesaplama kapasitelerinin kullanlmast yoluyla
cle alinmalidir. Genellikle, depremlerden hemen sonra degisen oranlarda deneyime sahip
arazi ckipleri tarafindan depreme iligkin saha verileri toplamir. Ele alinan bir binanin
hasar dilzeyine ait net kararlar verebilme kapasitesine sahip uzman sistemlerin, hiyerarsik
bir bigimde hazirlanan sorular cergevesinde hasar tespitinde kullanilmasi kigiscl yargiy
ortadan kaldiracakur. Bu bildiri betonarme binalarin hasar tespitine ydnelik olarak
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hazirlanan ve puanlama sistemine dayanan EPEDA olarak adlandinlmig bir uzman
sistemi tanitmaktadir. Elemanlarin lokal hasar diizeyleri hasarin giddeti, elemanin nisbi
Onemi ve hasar goren eleman sayisina bagh olarak belirlenmektedir. Hasara
yolagabilecek faktorler ve sistemin hasar gorebilme ozelliginden dogan hasar puanlan
bu puanla toplanmaktadir. Toplam hasar puam 0 ile 100 arasinda degisen rakamsal
degerler cinsinden ifade edilmektedir. Sistem nasi] galigtigim gostermek amaciyla dmek
bir binaya sézkonusu uzman sistem uygulanmistir. Ote yandan, deprem sonrast hasar
tespitinde sinirsel sebekelerin kullanilmast konusu da ele alinmaktadir,

GIRIS

Laboratuvar ortaminda gerceklestirilen deneylerden elde edilen bilgiler
yardimyla tekil yapisal elemanlarda veya basit yapisal alt sistemlerde meydana gelen
hasari nicesel bir tarzda ifade etmek mimkiindiir. Buna karsilik ger¢ek bir bina veya
bagka tiir karmasik yapt sisteminin ugradig1 deprem etkileri sonrasinda ne mertebede
hasar gordiigiiniin aym bigimde ortaya konulmasi ¢ok daha zor bir igtir. zorlugun tek
sebebi daha ¢ok sayida tasiyict eleman olmasi degildir. Laboratuvarda oldugu gibi
alinmis olan olgmeler ve gozlemlerin elde bulunmamast eclemanlarin  gegirdigi
zorlamalarin ne mertebede oldugunun dolayh bigimde tahmin edilmesini zorunlu kilar.
Ustelik hasarin gostergeleri farkh tiir fonksiyon goren elemanlar icin farkh _olabilir, ya
da elemanlarin ugradigi bozulmalarin birikimi farkh sistemler igin farkll manalara
gelebilir. Baska bir deyisle hasarin belirlenmesi islemi, esski bilgi ve gozlemlerin “en
iyi” bir tahminde bulunmak izere yeniden kullamilmast, diye adlandinlabilir.

Gegmiste meydana gelen depremlerin Sgrettigi dersler oldukga iyi bir sekilde
belgelendirilmistir. Edinilen bu bilginin daha genis bir yarar saglamast i¢in kuvvetli yer
hareketlerine maruz kalmis sistemlerdeki kategorize edilmis hasar belirtilerinin bir uzman
sistem yardimyla ileride olabilecek depremlerden ctkilenen sistemlere uzatlabilmesi
gereklidir. Boyle bir uygulama hasar tazminau, sigorta, v.b. amaglar igin objektif bir
karar verme ortamu yaratacag i¢in sadece teorik bir irdeleme niteligi tasimamaktadir.
Calismanin tilkemiz i¢in de biiyiik bir dnemi vardir : Yurdumuzda gecerli olan “Afetler
Kanunu“nda yeralan hiikiimler dogrultusunda konutu veya isyeri tabii afetlerden etkilencn
“hak sahiplerine” bu yerlerin ugradig1 hasarla orantih tazminat verilir. Demek ki hasarin
dogru ve tartiymaya gerck birakmayacak bigimde tayini afet zararlarinin giderilmesinde
objektif bir zemin hazirlayacaktir. Cahigmanin saglayacagi daha da énemli bir yarar afet
sonrast hasar tespitlerinin hizlandirilmast ve zaman zaman uzman olmayan kimselerce
yapilan bu tespitlerin de daha giivenilir bir hale getirilmesidir. Bunun da &tesinde
depremden hemen sonra daha art¢i sarsintilarin devam ettigi siire iginde hangi binalarin
glivenli, hangilerinin ise can saghgi bakimindan sakincali oldug'mun ayirdedilmesi bu
nitelikte bir sistem ile saglanabilir.

Uzman sistemlerin yukarida tarif edilen amaglar i¢in kullanilmast son 5-10 yilda
baska iilkelerde de aragtirma ve geligtirme faaliyetine konu tegkil etmistir. Ancak yaps
inga etme gelenekleri arasindaki farklar ve uygulamadaki mevzuat bu sonuclarin farkh
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ortamlarda kullanilmasini giiglestirmektedir. Uzman sistemler yardimiyla hasar tespiti
veya nicelik olarak ifade edilmesi sirasinda karsilagilan bazi 6zel durumlar. ve
belirsizlikler bulunmaktadir. 1lki, hasar parametrelerinin kesin yargl ifadeleri ile
belirienmesindcki imkansizliktir. Bagka bir deyisle, hasar parametresi olarak kabul edilen
degiskenler her durum altinda sabit degildir. Kisisel yargiya bagh olabildigi gibi bir
durumdan digerine “tasinmasi” kolay olmamaktadir, dolayistyla bilimsel ifadeyle
bulamk bir kiimenin elemanlan ile ¢aligilma mecburiyeti vardir. Ikinci giicliik, uzman
sistemlerin muhakeme yiiritme ve ogrenme  yetencklerinin bulunmamasidir.
Parametreler ayni olsa dahi her durumun degerlendirilmesi sifirdan baslayan yeni bir
siire¢ meydana getirmektedir. Bu zorfugun agilmas: da sinirsel scbekelerin formiilasyonda
isin igine sokulmasini gerekli kilmaktadir. ,

Bildiri uzman sistem, sinirsel sebeke ve bulamk  kimelerin ingaat
miihendislifindeki kullanim alanlarindan biri olmaya aday hasar tespiti konusunda
yiriitmekte oldugumuz ¢aligmalart 6n bir tarif mahiyetindedir.

UZMAN SiSTEMLER

Deprem sonrasi hasar diizeyinin belirlenmesi konusu, 6zellikle sikca depreme
maruz kalan iilkelerde ¢6ziim bekleyen énemli bir sorun olagelmistir. Bu ozelligiyle
konu bilim diinyasinin hep giindeminde kalmis ve pek ¢ok ¢calismaya esas olusturmustur.
Hasar diizeyi belirleme yontemleri iizerinde yiiriitilen calismalar,” bilgisayar
teknolojisindeki gelismelerin de yardimiyla, son dénemlerde olduk¢a ilerlemistir.
Bildirinin bu bdliimiinde s6z konusu ¢aligmalarin son dénemlerde gergeklestirilenlerinden
bir boliimii 6zetlenmektedir. Daha genis bir bilgi listelemesi “Arkaplan Bilgisi” baglikly
boliimde verilmektedir.

Shwe ve Adeli (1993) tarafindan yapilan bir caligmada, deprem hareketi
strasinda zorlanan veya hasara maruz kalan binalann dayamimimi belirlemek amaciyla,
bilgisayar grafikleri ve uzman sistemler gelistirmek yoluyla bir ydntem ortaya
konulmustur. Bu gercevede, Kaliforniya depremlerinde hasar gormiis bir dizi binamn
ugradig1 hasan belirlemek iizere, ge¢mis depremlerden edinilen bilgileri iceren
'EXQUAKE? diye adlandirdiklart bir uzman sistem gelistirilmistir. Bu sistemde Exsys
“shell” i kullamlmis olup, uzman sistemlerin yapisal hasara ait bilgileri toplamak ve
kullanmak agisindan gok gerekli oldugu sonucuna varilmigtir,

Pagnoni, v.d. (1989) tarafindan yapilan bir diger galismada, deprem sonrasi
hasar tespiti igin gorevlendirilen, ancak bu konuda yeterli bilgi ve dencyime sahip
olmayan kimsclere yardimer olmasi amactyla. AMADEUS isimli bir uzman sistem
olusturulmustur. AMADEUS yi1gma yapilarin incelenmesi ve hasarlarinin belirlenmesi
amactyla gelistirilen bir rehber sistemdir. Gozlemlerden elde cdilen bilgilerin .
depolanmastn saglamak iizere, sistem bir veri tabam programi ile desteklenmistir. Boyle
bir sistemin diizenli, etkili ve gergekgi bir hasar tespiti saglayacag belirtilmistir.

Park ve Ang ile Park v.d. (1985a,b), deprem harcketine maruz kalan betonarme
yaptlarin ugrayacagi hasar diizeyini belirleyen bir metodoloji snermektedir. Bu yonte mde
yapinin hasar durumu, ugradigi maksimum deformasyon ve toplam histcretik enerji



cinsinden ifade edilmektedir. Onerilen metodoloji, gegmis depremlerde hasara ugramis
yapilar lizerinde denenmis ve bu yolla kalibre edilmigtir. Kabul edilen cksikliklerine
ragmen bu caligmalarda ileri siiriilen hasar modeli, hem diiktilite hem de histeretik encrji
yokedilmesini igine aldig1 igin halen en yaygin olarak kullanilan modeldir.

Shepherd ve Haynes (1993), Los Angeles yapt kodu gergevesinde bir ve iki katls
yigma binalarin basarim belirleyen bir uzman sistemi tamitmaktadir. Bu sistem, binanin
genel dzelliklerinden hareketle, standarda uygun olarak duvarlarda ve gesitli yapisal
elemanlarda olusan yatay kuvvetleri tahmin etmektedir. Bu uzman sistem iig prototip
yaptya uygulanmgtir. ‘

Ote yandan, ATC-21 (1988) ve ATC-22 (1989) raporlarinda, yapilardaki hasarin
tespiti ele alinmaktadir. ATC-21 yapisal ozelliklere bagh olarak binadaki hasarin
puanlanmasma iliskindir.

DEPREM SONRASI HASAR TESPITI

Yerlesim birimlerinde yeralan binalarin biiyiik bir kasmu deprem sonrasinda
cesitli diizeylerde hasara maruz kalir, hatta bir kism1 tamamen ¢oker. Deprem sonrasinda
sdzkonusu bolgedeki hasarin izl ve gergekgi bir bigimde belirlenmesi ve binalarin
kullanilabilirliginin arasgtirilmast, sorumlu ve yetkili kuruluslar tarafindan acilen yapilmak
durumundadir. Bu nedenle, sdzkonusu kuruluslar tarafindan hasar tespit ekipleri
gorevlendirilir. “Deprem Sonrasi Acil Hasar Tespiti” diye adlandirilap bu islemle,
depremden hemen sonra artgt sarsintilarin devam ettigi  siire icinde binalarin
giivenilirliginin arastinlmast ve tehlikeli binalarin bogaltilmast yoluyla, yére insanimn
can giivenliginin saglanmasi amaglanmaktadir. Bu iglemin bir diger amaci da, bolge deki
hasar gdrmiis yapilarin hasar durumlaninin  incelenmesiyle, oturulabilir, kolayca
onarilabilir ve onarilamaz bigimde degerlendirmelerin yapilmasiyla, y6renin deprem
sonrasl yapilagma gereksinimi ve onarim faaliyetlerinin biiyiik lciide belirlenmesidir.
Bu yolla, gereksiz bigimde ortaya cikabilecek yeni yapilasmanmin oniine gecilmek
suretiyle iilke ckonomisine de katkida bulunulmug olur. Ayrica, yére insanmun gerek
oturulabilir binalarda, gerckse onanlabilir binalarin siiratle onarilmasiyla elde edilecck
binalarda ikamet etmesiyle, deprem sonrast evsiz kalanlarin sayisi da azalulabilir. Bu
islemin etkin bir bi¢imde yapilabilmesi igin gerekli teknik eleman glctiniin,
gorevlendirilebilen eleman sayisiun gok iizerinde oldugu da bir gergektir. Ayrica
sorumlu kuruluslarin, zaman zaman deneyimsiz ya da bu konuda yeterli cgitime tabi
tutulmamis teknik elemanlarla bu iglemi yiiriitmek zorunda kaldiklan da bilinmektedir.
Dolayisiyla, diinyanin pekgok iilkesinde oldugu gibi Tiirkiye'de de bazi durumlarda
yetersiz sayida ve nitclikte clemanlarla yapilan hasar tespiyj dogrultusunda depremzedeye
tazminat &denmekeedir.

Hasar tespiti, genellikle su yekilde yapilmaktadir : Binayt inceleyen gorevli,
binanun tipi, konumu ve hasar diizeyine iligkin sorular igeren bir form doldurmaktadir.
Sozkonusu formlar, bugiine kadar agirhkli olarak bilgi toplamaya yonelik olarak

tasarlanmig ve kullamlmig olup, deprem sonrasi hasar belirlenmesinde gorevlilere
yardimct olabilecek bir nitelik tasimamaktadir.
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Hazar diizeyinin belirlencbilmesi igin, dncclikle nicel bir bigimde ifade edilmesi
gerekmektedir. Ancak, cogu zaman bu iste gorevlendirilen istisnasiz her elemanin teknik
kapasitesi bdyle bir degerlendirme yapabilmesi igin yeterli degildir. Dolayisiyla,
deneyimsiz miihendislere ve teknikerlere hasar tespiti isleminde yardimer olacak ve yol
gosterecek bir sistem geligtirilmelidir. Bu konuda dencyim ve uzmanligin aktariimasinda
kullanilan uzman sistemler sorunun giderilmesi igin iyi bir ¢6ziim olacakur. Bdyle bir
sistem, uzmanlar tarafindan 6nerilecek bir hasar tespit yonteminin uzman sistem mantik
akis1 cergevesinde diizenlenmesini ve kullanicilara (yani anketi yapanlara) aktarilmasini
saglayacakur. .

Bu aragtirma sonucunda gelistirilen yontemin ana amaci, Tiirkiye’de halen
kullanilmakta olan hasar tespit formunun gelistirilerek mithendislik hizmcti gérmiis
binalarin hasar diizeylerinin belirlenmesidir. Bu gergevede, farkli tiir binalarda meydana
gelen deprem sonrast yapisal hasann belirlenmesine yonelik olan bir uzmaif sistem,
EPEDA gelistirilmigtir. Bu sistem genel bir yapiya sahiptir.

EPEDA UZMAN SISTEMi

EPEDA, depreme maruz kalmig olan betonarme binalarin hasar diizeylerini ve
kullamlabilirlik durumunu belirleyen bir 6neri sistemdir. EPEDA'min ana amaci, diizenli
ve istikrarh bir yontemle oncelikle betonarme binalarin deprem sonrasi hasarlarinin
tespitinde anketorlere yol gostermektir. EPEDA, tamameri anketoriin iglevini gérmek
amactyla tasarlanmig bir sistem olmayip, binada meydana gelen hasarin siddetine ve
binanin kullanilabilirligine yonelik kararlar verilmesine de yardimci olmaktadir. Bu
sistem, teknikere baz1 6zel durumlarda ihtiyag duyabilecegi bilgileri sunmakta ve binanin
oturulabilirligi konusunda bir nihai karar 6nermektedir. '

Geligtirilen yontemde sadece "en ¢ok hasar gormiis kat seviyesi”nde (genellikle
zemin kat) olusan hasar baz alinmakta olup, binanin geri kalan kisminin hasar diizeyinin -
genel degerlendirmede bir rol oynamadig: kabul edilmektedir. Baska bir deyisle, en ¢ok
hasar gérmiis kat, binanin tamaminin hasar diizeyini gdstermektedir. Ote yandan, séz
konusu katin gok biiyiik olmast durumunda, elemanlarin birer birer incelenmesi, zaman
agisindan bazi zorluklara neden olabilir. Bu durumda, bu katin sadece genel hasan temsil
ettiginden emin olunan bir boliimiiniin incelenmesi yeterli olacakur. Ciinkii belli tipteki
elemanlarda olusan hasar diizeyi o tipteki incelenen eleman sayisina gore normalize
edilmektedir.

EPEDA'mn uygulanmasinda dayandigi kaynaklar, iizerinde doldurulmasi
gereken hanclerin yeraldigt mithendislik hizmeti gérmil yapilar igin geligtirilen hasar
tespit formu ile formun dolduruimasina yardimci olabilecck agiklamalar iceren bir
kitapgiktir.

Tasarlanan formun miimkiin oldugunca kisa olmasina ve gerekli tiim bilgileri
icermesine dikkat edilmigtir. Formda yeralan sorular, kitapgikta detayli olarak belirtilen
baz1 agiklamalar, tamimlar ve ikonlar yardimiyla cevaplandiriimaktadir. Bu sorular dért
ana bashk altinda hazirlanmistir. Bunlar :
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idari Bilgiler (binanin sahibi, adresi vb.)

Genel Bilgiler (geometrik/mimari 6zellikler, yapisal diizensizlikler,

acikliklar vb.)

3. Tasiyicr Sistem Ozellikleri (gergeve, perde-gergeve, kutu, ddseme
sistemi, yerinde dokme veya prefabrike olusu, dolgu duvar 6zcllikleri,
malzeme mukavemeti, temel sistemi, malzeme ve isgilik kalitesi; vb.)
ve

4.~ Hasara Ait Bilgiler (kalic1 yerdegistirmeler, kolon, kirig, duvar veya

dosemedeki hasarin giddeti ve yayginhgr).

N o=

Bu form aym1 zamanda bir veri tabani ile uyumIu olarak kullalabilecek sekilde
tasarlanmigtir.

EPEDA'nin Bilgi Tabam

EPEDA'da da kullanilan yontem, binanin giivenilirliginin bir gdstergesi olan
global hasar diizeyine baghdir. Binamin kullamilabilirlik karar1 dogrudan global hasar
diizeyi degerinc bagh olarak verilmektedir. Bu degerin agir olmast, binanin bosaltilmast, .
hafif olmast binamn giivenli ve oturulabilir olmast, orta olmasi ise binanin onarildiktan
sonra oturulabilir olmas1 demektir. EPEDA'min dayandigy ve gelistirilen form iizerinde
" yer alan yéntem bir sonraki boliimde detayl olarak agiklanmaktadir.

Hasar Diizeyi Belirleme Yontemi

“Hasar Tespit Formu”nda kullanilan hasar diizeyi belirleme yontemi, agagida
ayrintili olarak agiklanan bir puanlama sistemine dayanmaktadir. Sézkonusu ydntemin
uygulanmasi sonucunda yapilarda az hasarli, orta hasarlt ve agir hasarli olmak tizere Gig
ayr global hasar diizeyi belirlenmektedir. Hasar diizeyinin belirlenmesinde etken olan
ii¢ ana unsur ise, 'yapt ve yakin gevresinin geoteknik durumu, yapmm tagiyict sistem
Szelligi ve geometrisi ile yapida mevcut olan deformasyonlardir. Bu ti¢ ana unsur, kendi
icinde bir puanlama mantig ile degerlendirildikten sonra, yapumn toplam hasar puan
(THP) hesaplanmakta olup, bu puanin sayisal olarak belirlenmis smurlar ¢ergevesinde
degerlendirilmesiyle yapinin global hasar diizeyi belirlenmektedir. Sézkonusu siurlar ile
global hasar diizeyleri agagida verilen tabloda gosterilmektedir.

Tablo 1. Global Hasar Diizeyleri

THP Hasar Diizeyi
0<THP <SS Hasarsiz

6 < THP « 14 Az hasarli

15 < THP < 43 ‘ Orta Hasarli
THP > 43 ' Agir Hasarht
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Yukanidaki tabloda yer alan THP simrlan diger ilkelerde yapilan benzer
uygulamalarla da kargilastinilmis olup, kalibre edilmistir. Ote yandan, yukarida da séz
edildigi gibi buradaki hasar belirleme metodolojisi hasara etki edecek ve onun bir
gostergesi olacak unsurlarin puanlanmasma dayanmaktadir.

U¢ ana unsurun etken oldugu THP bes farkli hasar. puanindan olugmaktadir.
Bunlar; Hasar Artirict Puan (HAP), Sistem Hasar Puam (SIHP), Kataras1 Kalici
Yerdegistirme Puant (KKYP), Cat1 ve Merdiven Hasar Puani ((MHP) ve Asirt Oturma
Puan1 (AOP) dur.

Hasar Artirici Puan (HAP) yapinin hasar gorebilirligini ctkileyebilecek genel
bilgilere ve tasiyict sistem Gzelliklerine baghdir. HAP degerleri form iizerinde yeralan
ilgili unsurlarin yanina parantez iginde yazilmis olup en gayrimiisait kombinasyonda
alabilecegi maksimum deger 5 dir.

Hasarin cn 6nemli gdstergesi olan yapt elemanlarinin maruz kaldiklarn hasar
diizeyleri, Sistem Hasar Puani (SIHP) olarak tanimlanmigtir. SIHP tasiyici sistem tiiriine
bagli olarak ifade edilmekte, ancak tiim sistemler igin ayni mantikla hesaplanmaktadir.
Yapinin Sistem Hasar Puam oncelikle yapiy1 olusturan elemanlarin hasar durumuna ve
bu elemanlarin tiimiyle yapinin hasarina olan etkisine baghdir. Bu ¢ergevede, SIHP
elemanlarin hasar durumlarmi gésteren Eleman Hasar Puam (EHP) ve eclemanin o
taslyict sistem iginde toplam hasara olan etkisini ifade eden Eleman Onem Katsayist
(EOK) na baglt olarak hesaplanmaktadir. Elemanlar icin de dort lokal hasar dizeyi -
belirlenmistir: Hasarsiz (H), Az Hasarli (A), Orta Hasarli (O) ve Agir Hasarh (AH).
Ayrica, sdzkonusu elemanlarin hasar diizeylerinin herbirine bir hasar puant verilmistir.
Bunlar agagidaki tabloda gésterilmigtir.

Tablo 2. Eleman Hasar Puanlari

Hasar Diizeyi ' Hasar Puam
Hasarsiz 0
Az Hasarli (A) 1
Orta Hasarli{O) 2
Agir Hasarli(AH) 4

Boylece, Eleman Hasar Puan1 (EHP) asagidaki bagintdan hesaplantr.

EHP = EOK (Ax1+Ox2+AHx4)/TS )
Burada; ‘ ‘ '
A : az lusath eleman sayist |
0 : orta hasarlt eleman sayisi
AH : agir hasarh eleman sayis
TS : toplain cleman sayisi
gostermektedir. '
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Eleman Onem Katsayilar1 (EOK) tastyict sistem tiiriine bagh olarak formda
yeralan tablolarda gésterilmistir.

EHPlannin toplanmasiyla Toplam Eleman Hasar Puami (TEHP) bulunup,
buradan STHP hesaplanmaktadir. STHP hesaplanmasinda kullanilan bagntilar tastyicl
sistem tiiriine bagli olarak asagida verilmektedir. .

Yerinde Dokiilmiis Betonarme Cergeve veya Betonarme Cergeve + Perde
Sistemler :

SIHP = TEHPx100/(dx8 + dyx4 + dx8 + dx4 + dix2) 2)
Betonarme Kutu (Tiinel kalip veya prefabrik) :

SIHP = (Ax1 + 0x2 + AHx4)x100/(4xTS) 3)
Prefabrik Betonarme Cergeve :

SIHP = TEHPx100/(d,x14 + d,x8 + d.x24) @)

Celik Cerceve :

SIHP = TEHPX100/ (48 + dxd + dx10 + ddxl + do3) . (5)
Absap :

SIHP = (Ax1 + Ox2 + AHx4)x 100/(4xTS) (6)

SIHPlarinin hesaplanmasinda kullamlan alt indisli d katsayilar sadece 0 veya
1 degerini alabilirler. Alt indislerin herbiri o tasiyicl sistem tiirii i¢indeki bir elemana
kargihk gelmektedir. Bu indislerin temsil ettikleri elemanlarin higbirinde hasar olmadigi
durumda, yani EH=0 iken, sdzkonusu alt indisli d degeri O olarak alinmali, diger
durumlarda 1.0 alinmalidir.

Yapida meydana gelmis olan katarasi kalic1 yerdegistirmenin biiyiikl ligiine bagh
olarak belirlenen hasar Katarast Kalic1 Yerdegistirme Puam (KKYP) olarak ele alinmakta
olup, hasar tespit formunda belirtiimektedir. KKYP 0 ile 10 arasinda degisen degerler
alabilmektedir. :

Cati ve Merdiven Hasar Puani (CMHP) yapida yeralan cati ve merdivenlerde
meydana gelmis hasarin gostergesidir. Sozkonusu CMHP, formda belirtilmis olan ve
metdiven ile gati igin belirlenmis puanlarin toplanmastyla hesaplanmaktadir. CMHP 0
ile 3 arasinda degisen degerler alabilmektedir. Ote yandan, AOP 0 ile 5 arasinda degerler
alabilmektedir.

Tiim bu unsurlarin ayn ayrt degerlendirilmesi ve puanlandinimasindan sonra,
global hasar diizeyini tayin etmckte kullamilan THP asagida belirtilen gekilde
hesaplanmaktadir.
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THP = SIHPx0.77 + CMHP + KKYP + HAP + AOP Q)

AOP, HAP, KKYP, CMHP'tan olusan dort ana unsurun alabilecegi maksimum
deger 23 tir. Ote yandan, SIHP'mn alabilecegi maksimum deger 100 diir. THP igin O
ile 100 arasinda degerler ongorilmiistiir. Dolaysiyla, SIHP'nin yiizde 77'si toplam hasar
puanina katlmistir.

Bu aragtirma da geligtirilen yontem hasan kusursuz olarak belirleyebilen ¢ok
kesin bir yol degildir. Ciinkii daha gergekgi ve kesin bir sonug elde etmek i¢in ¢ok daha
fazla bilginin kullanilmast ve bunlarin bilgi tabanina konulmas: gerekir. Bununla beraber,
mevcut sistem deprem etkisi alunda kalan binalanin deprem sonrasinda hasarlanmn
belirlenmesinde hasar diizeyini tahmin etmektedir.

, Sonug olarak, bu ybntem hasar tespiti isleminde teknik elemanlara yol
gostermekte ve dolayisiyla kigisel yargidan bagimsiz, etkili ve diizenli bir islem
sunmaktadir.

EPEDA'nin Yapisi

EPEDA 64 “kural” dan olugan bir sistemdir. Bu kurallar Sekil 1 de gosterilen
hiyerargik yapiya uygun olarak diizenlenmistir. EPEDA iginde uygulanan ydntemin
puanlama sistemine dayanmast nedeniyle bu kurallarin ¢ogu matematiksel ifadeler
seklindedir. Herbir elemanin hasar diizeyini tarif eden, Q-Basic dilinde yazilmis 20 adet
ilave program sisteme entegre edilmistir. Sistemin akis mekanizmasi Sckil 2 de
gosterilmekte olup, bir énceki boliimde agiklanan yonteme dayanmaktadir.

EPEDA ile Bir Uygulama

EPEDA'y1 gercek bir durum ile denemek amaciyla, Mart 1992'de meydana
gelen Erzincan depremi sirasinda hasar gérmiis olan ve bu nedenle deprem sonrasi hasar
raporu hazirlanmig bir binaya uygulanmistir. Oldukga diizenli bir gergeve ve plan
sistemine sahibolan bina 1'i bodrum olmak iizere toplam 4 kathdir. Binanin kesit ve plan
semalar Sekil 3'te gosterilmektedir.

Binanin Hasar Durumu

Binanin hasar durumuna iliskin bilgiler, anketérler tarafindan deprem sonrasi
.inceleme sirasinda doldurulmus olan hasar tespit formundan elde edilmistir. Séskonusu
bina i¢in doldurulmus olan formun, EPEDA‘ya dayanak olusturan formdan farkli .
oldugunu belirtmek gerekir. Binanin bu deprem altindaki dayanimi sartmame gereklerini
genel olarak kargilamisur. Bir kag kirig ve kolon agir hasar gérmiis olup, ug¢ noktalardan
kirilmig, donatilar agikta kalmis ve genis catlaklar olusmustur. Kolon ve kirislerin biiyiik
bir kismt az ve orta hasarli olarak degerlendirilmigtir. Ayrica, hemen hemen duvarlarin
tiimii agir hasar gormiistiir. En ¢ok zorlamaya maruz kalnug kat olan 1'nci katta olusan
hasara ait bilgilere Tablo 3 de yer verilmektedir.
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Uygulama

EPEDA tarafindan sorulan sorulara verilen cevaplara asagida yer verilmektedir.

- Ik 25 soru Tablo 3'e gére yanitlanmistir
- Merdiven hasarsizdir

- Cat1 az hasarhdir:

- Katarasi kalic1 yerdegistirme(d/H) = 0.0016
- Iscilik kalitesi iyi '

- Malzeme kalitesi iyi

- Zemin tipi stk kilfsert kum

- Betonunun gozle muayenesi miimkiin

- 'Beton kalitesi iyi

- Beton mukavemeti biliniyor

- Beton mukavemeti 15 - 22 MPa

- En biiyiik agiklik 4-6 m

- Dilatasyon yok

- Kat seviyeleri aym

- Binanin konumu serbest

- Kesitte diizensizlik yok

- Planda diizensizlik var

- Cekme kat yok

- Kisa kolon var

- Temelde maksimum oturma 0.2 m'den az
- Zeminde asin1 oturma yok

- Kismi veya tamamen gégme yok

Binanin hasar ‘dﬁzeyi ile ilgili uygulayicilar tarafindan varilan sonug: Orta
hasarli, onarildiktan sonra kullamlabili‘r ’ '

EPEDA'nin vardi1 sonug ise asagida verilmektedir.

Hasar Arttirici Puan ' : 175
Kataras1 Kalic1 Yerdegigtirme Puam : 2.00
Sistem Hasar Puami . : 28.98
Cat1 ve Merdiven Hasar Puai = : 0.00
Asirt Oturma Puam : 0.00

Toplam Hasar Puam :26.07
Orta Hasarli, onarildiktan sonra kullamlabilir.

Goriildiigii gibi EPEDA ve uygulayicilarin vardig1 sonuglar aymdir.
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Tablo 3. Ornek Bina icin Hasar Istatistikleri

Toplam Hasarsiz | Az Orta Agir

Adet Hasarh Hasarlt Hasarh
Kolon .28 10 8 6 4
Kiris 53 20 22 8 3
Perde 0 0 0 0 0
duvari
Birlesim 28 20 8 0 0
Dolgu 30 0 5 10 15
duvari

HASAR TESPITINDE SINIRSEL SEBEKELERIN KULLANILMASI

Bildirinin bu bdliimiinde giiglii yer hareketleri sonucu yapilarda meydana gelen
hasarin tespitinde sinirsel sebekelerin kullanilmasi konusu ele alinacaktir. Bu ydntem
hizli ve basit olma o&zellifiyle depremden hemen sonra hasar tespit isleminin
yapilabilmesine firsat tanimaktadir. Sinirsel sebekelerin bu konuda kullanilan en &nemli
Szelliklerinden biri girdi ve ¢ikt degerleri arasinda herhangi bir fonksiyone ! tammlamaya
gerek duyulmaksizin i¢ bagint kurabilmesidir. Sinirsel Sebekeler, sdzkonusu iligkiyi
kurabilmeki i¢in g¢ok sayida girdi-giku giftlerine ihtiya¢ duymakta olup, bu iglem
“egitme” olarak adlandirtimaktadir [54,59].

Yapay sinirsel sebekeler kompiitere ait modeller olup, bir Slgiide insan beyninin
yapisina ve bilgi isleme yetenegine dayalidir. Yapay sinirsel sebekeler biyolojik yapidan
esinlenmelerine ragmen, gercek sinirsel sistemlerle aralarinda biyiikk farklar
bulunmaktadir. Soskonusu farklar insan beyninin gergek fonksiyonlan hakkindaki
bilginin heniiz ¢ok sinirli olmasindan kaynaklanmaktadir. Dolayisiyla iki sistem arasinda .
hem bigimsel hem de islevsel farklar kendini géstermektedir. Bu nedenle, bugiine kadar
gelistirilmis olan yapay sistemlerin higbiri insan beyninin fonksiyonlarim aynen temsil
ctmeye yeterli olamamigtir. Sebeke tasarimetlart meveut biyolojik bilginin disina ¢ikarak
bu amagla kullanilabilecek fonksiyonlara sahip sistemler dizayn etmislerdir.

Bir yapay sinirsel sebeke, aralarinda gliclii bir baglant1 olan ¢ok sayida basit
islem elemanlan(sinirler)'nin bir montajidir. Sinirler arasindaki baglant1 “agirlik” olarak
adlandirilan ve sézkonusu baglantilarin kuvvetini gosteren bir sayisal degere sahiptir.
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Sinirlerdeki bilgi depolamasi o sinire gelen baglantilarin agirhklarinin toplamiyla ortaya
cikar. Sinirscl sebekeler kendi kendini dizenleme (self-organizing) ve bilgi
toplama(dgrenme) yetenegine sahiptirler.

Yapay Sinir Modelleri

Yapay sinirsel sebekelerin pek ¢ogunda yer alan bir genel model Sekil 4'te
gosterilmektedir. Sembolik olarak temsil edilen bu model, her girdiye karsilik- gelen
baglanti degerlerinin olusturdugu bir dizi agulik ile sinirin iglem elemamndan
olugmaktadir. Sinirin ¢tkti sinyali asagidaki baginti ile hesaplanmaktadir;

o= f(w'x) ya da 8)
o=f(Y wix) ®
burada
w=[w, W, Wy e, w, ] agiuhik faktdrii (10)
ve
X =[X X Xy e x, 1 girdi vektoriidiir (11

f(w'x) fonkstyonu genellikle etkinlestirme fonksiyonu olarak ifade edilmekte

olup, ¢ogunlukla lojistik fonksiyon ya da “sigmoid” (S-seklinde) olarak adlandirilan ve
matematiksel olarak

fx)= 1/ (1 + &*) ‘ (12)

seklinde tanimlanan bir fonksiyon olmaktadir.

Sinirsel hesaplamanin esas giicii, yukarida hesap yapabilme kapasitesi
tanimlanan  herbir sinirin  bir sebeke olusturacak sekilde baglanmasiyla
“gergeklesmektedir.

Ogrenme

Sinirsel sebekelerin en onemli dzelligi Ggrenme ya da “self-organizing”
yetenekleridir. Geleneksel programlama tekniklerinin aksine sinirsel sebekeler amaglanan
bedef dogrultusunda kavramalari gereken kavram 6mekleriyle egitilirler. Bunun sonucu
olarak"da sinirsel sebeke cgitildigi drnekleri tekrar olugturmak tizere kendini igten
diizenlemek (agurhiklarin degistirilerck sabitlestirilmesi) suretiyle dgrenme islemini
gergeklestirir. Bunu yapabilmek icin sinirsel sebekelerin bir egitim algoritmas yoluyla
girdi-giktt ciftlerinden olusan bir egitim seti ile egitilmesi gerekmektedir.
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Geriye Dogru Yayilan(Backpropagation) Sinirsel Sebekeler

_ Deprem sonrast hasar tespiti konusunda kullamilmaya uygun olan en yaygin
sinirse]l sebeke tipi Geriye Dogru Yayilan Sinirsel Sebekeler( BNN)'dir. BNN'de iglem
elemanlar tabakalar halinde diizenlenir. Her sinirsel gebeke bir girdi, bir ¢ikt1 ve bir kag
sakh tabakadan meydana gelir. Sekil S genel bir BNN'‘i gostermektedir. Her tabakadaki
islem elemanlan bir iist tabakada yer alan iglem elemanina kendi ¢iktisii girdi sinyali
olarak gonderebilir. islem elemanlan: arasindaki baglantinin kuvvetini gésteren -agirhik
degeri her baglant1 icin ayn tammlanmakta olup, w; = i ve j elemanlan arasindaki
baglanuy1 gostermektedir. BNN 6grenme algoritmasi olarak genellestirilmis delta kuralin
kullanmaktadir. Bu kural iteratif bir isleme dayanmakta olup, her agamada elemanlara
iliskin hatanin belirlenmesini ve bu elemanla ilgili baglanti agirhklarinin ayarlanmasin
kapsamaktadir.

Sinirsel sebekelerin yukanda sozii edilen Ozelliklerinin deprem sonrasi hasar
tespitinde kullamilmasina iligkin genel bir plan agagida verilmektedir.

o Sinirsel Sebekenin Topolojisinin(tipi, tabaka sayisi, iglem eleman sayist v.b.)
Belirlenmesi: Sekil 6 da gosterilen 3-tabakali BNN bu konuda yeterlidir. En alt
tabaka sistemin girdi tabakasiu olusturmakta olup, bu tabakada yer alan iglem
elemanlan hasan etkileyebilecek girdi parametrelerini  temsil etmektedir.
Séskonusu girdiler depremden sonra bdlgede yapilan bina anketlerinden elde
edilen bilgilerden derlenmektedir. Bunlar; yapisal hasari dogrudan etkileyen
parametreler ( eleman hasar diizeyleri ve diger yapisal unsurlarin hasar diizeylert
gibi), yapimun hasar gorebilme gostergesi olan parametreler ( kisa kolonlar,
yapisal diizensizlikler, yumusak katlar v.b.), geoteknik durum ve binanin sekil
degistirmis hali( katarasi yerdegigtirme) dir. Sebekenin ¢ikti tabakasinda yer
alan islem elemaninin iirettigi g1kt binanin hasar diizeyini belirlemektedir. Sakh
tabakada yer alacak olan islem elemanlarinin sayisina iligkin kesin kurallarin

bulunmamas1 nedeniyle bu tabakadaki elemanlarin sayisi denemeler sonucu
belirlenmektedir.

o Sebekenin Egitilmesi: Sinirsel sebeke, once de ifade edildigi gibi

ogrenebilmek  icin belirli sayida girdi-gikti drnegine ihtiyag duyar. Ogrenme
islemi “egitme” olarak adlandirilir. Gergekgi bir sistem elde etmek igin cok
sayida girdi-gcikt ciftlerinden olugan egitim seti gerekmektedir. Gegmis
depremlerden sonra yapilmig olan anketlerden toplanan verilerin yetersiz
kalmas1 nedeniyle, yeterli girdi verisi elde etmek amaciyla bir dizi analitik
hesaplarin yaptlmasi gereklidir. Dolayisiyla, yapilarin lineer siur tesi analizleri,
gergek veya temsili yer harcketleri etkisi altinda yaptlmalidir. Bu hesaplar
sonucu elemanlarda olugan hasar diizeyleri ve buna karsilik gelen binanin global
hasar diizeyi egitim setinde bulunan girdi-gikts giftlerini teskil etmektedir. Ote
yandan, sinirsel gebekenin egitilmesi bir simulasyon vasitastyla da yapilabilir.
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o Sinirsel $ebekenin Test Edilmesi: Egitme iglemi sonucu sebekenin 6grenme
asamasinin tamamlanmasindan sonra, sistemin dogru ¢alisip ¢alismadiginin
kontrol edilmesi amaciyla bazi 6mek binalar iizerinde test edilmelidir. Bu
asamadan sonra kalibrasyonda ufak degisiklikler yapilmas: gerekebilir.
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TESEKKUR

Bu bildiride yeralan ¢alismalar yazarlarin Bayindirlik ve iskan Bakanlig1 Afet
Isleri Genel Midiirliiginin destegi ile siirdiirdiikleri “Miihendislik Hizmeti Gormiis
Binalarin Hasar Tespiti” projesinin triintidiir. Yazarlar bu destekten dolay1 Sayin Genel
Miidiir Oktay Ergiinay’a, Deprem Arastirma Dairesi Bagkam Saym Sinan Gencoglu'na
ve Genel Miidiirligiin ilgili personeline burada tesekkiir etmeyi borg sayarlar.
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SEISMIC RE-EVALUATION AND UPGRADING
OF NUCLEAR POWER PLANTS

NUKLEER SANTRALLARIN SISMiK GUVENLIKLERINIiN
YENIDEN DEGERLENDIRILMELERI VE TAKVIYELERI

Aybars Giirpinar’

ABSTRACT

As the number of new orders for nuclear power plants started decreasing sharply
in the 1980 and 1990s, the main focus in the seismic safety of nuclear power plants
has shifted to re-evaluation and upgrading of existing facilities. In this regard nuclear
power plants in the territory of the former Soviet Union and Eastern Europe has
attracted much attention. This is mainly due to deficiencies in the derivation of the
design basis seismic parameters as well as earthquake resistant design considerations
of these facilities. In this paper, criteria and methods for seismic re-evaluation and
upgrading of nuclear power plants will be discussed with examples coming mainly
from Eastern Europe. I.A.E.A. projects and programs related to this topic will also
be discussed.

INTRODUCTION AND BACKGROUND

Seismic safety issues generally involve two major components; those related to
the derivation of the design basis parameters and those involving the seismic capacity
of structures, equipment and distribution systems. The first component has been a
recent issue at most of the sites in Eastern Europe because of the differences in the
methods employed when the site investigations were being carried out before
construction. Although most Eastern European nuclear power plant sites can be
characterized as low to medium seismicity sites, the deficiency in the tectonic and
seismic database as well as the methods used in the 1970s have led to seismic hazard
re-evaluation programs. The results of the new studies consistently indicate that the
design basis ground motion parameters had been underestimated, sometimes by a

Scientific Secretary, Siting and External Hazards,
International Atomic Energy Agency, Vienna
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considerable margin.

The issues related to the seismic capacity of structures, equipment and
distribution systems are even more complex. For WWER and RBMK type nuclear
power plants, structures which do not function as a pressure boundary are designed
like conventional industrial frame buildings, often using precast elements. In WWER
440 and RBMK type nuclear power plants, the *confinement’ concept restricts the
pressure boundaries to the lower part of the reactor building. WWER 1000 type
plants, however, have a proper containment and therefore are inherently better
designed for external events in general.

The involvement of the IAEA in the seismic safety issues of Eastern Europe has
been substantial through national, regional and extrabudgetary projects. Seismic
safety review missions visited nuclear power plants in Armenia, Bulgaria, Czech
Republic, Hungary, Poland, Romania, Russian Federation, Slovakia, Slovenia and
Ukraine within the past five years.

The experience of these five years have been recently channeled to a
Coordinated Research Program titled "Benchmark Study for the Seismic Analysis and
Testing of WWER Type Nuclear Power Plants’. This program has twenty one
participating institutions from fourteen countries and concentrates on WWER-
440/213 and WWER-1000 plants. Paks Nuclear Power Plant in Hungary and
Kozloduy Nuclear Power Plant (Units 5/6) in Bulgaria are prototype plants for this
project. T

Tables 1 and 2 present general and seismic characteristics of nuclear power
plants in Eastern Europe respectively.

GENERAL APPROACH

The methods and criteria for seismic re-evaluation and upgrading of existing
nuclear power plants differ from those generally used for new facilities. A summary
of the latter based on IAEA Safety Guides was already presented at the Second
National Earthquake Engineering Conference (Giirpinar, 1993).

For existing facilities the overall flow diagram for seismic re-evaluation and
upgrading is given in Figure 1. As may be observed in this figure, there are five
major steps involved in this process.

ASSESSMENT OF SEISMIC INPUT

For the assessment of seismic input, the methods used for new facilities are
generally applicable. Therefore, the recommendations of the IAEA Safety Guide 50-
SG-S1 (Rev. 1) "Earthquakes and associated topics in relation to NPP siting" (IAEA,
1991) are followed.

If probabilistic methods are used in the derivation of the design basis seismic
parameters, it is considered appropriate to decrease the exposure time (i.e. lifetime)
by the already elapsed time of the facility since the year of commissioning. If the
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design lifetime of a nuclear power plant is 40 years, and the seismic re-evaluation is
being conducted after 20 years of operation, then instead of a 10 000 year average
return period, 5 000 years can be used on basis of a Poisson process recurrence
hypothesis.

In general, a probabilistic hazard analysis is needed to derive the hazard curve
when the evaluation of the seismic capacity of the plant is done using a PSA
(probabilistic safety assessment) approach. :

SEISMIC CAPACITY EVALUATION

According to the "Criteria for seismic evaluation and potential design fixes for
WWER type NPPs" prepared within the framework of the IAEA Benchmark study
(Stevenson, 1994), considerations for scismic capacity evaluation of NPPs may be
summarized as follows.

HCLPF Seismic Margin Capacity

The concept of HCLPF (High Confidence of Low Probability of Failure)
capacity is used in the seismic margin assessment, SMA, which is uded in the review
to quantify the seismic margins of NPPs. In simple terms it corresponds to the
earthquake level at which, with high confidence (about > 95 percent), it is unlikely
that failure of SSC (structures, systems and components) required for safe shutdown
of the plant will occur (about < 5 percent probability). The concept of HCLPF
capacities of SSC is used in SMA reviews to: (a) screen out from further
consideration SSC having capacities generically higher than the SME (seismic margin
carthquake) and (b) identify the specified SSC which may require some modification
of the SSC or their support in order to be able to withstand an SME. When such
modifications are made they are performed within the acceptance criteria prescribed
by existing codes and standards. Estimating the HCLPF seismic capacity of SSC
requires an estimation of the response, conditional on the occurrence of the SME.
Two candidate procedures to determine the HCLPF seismic capacities for NPP’s
structures and equipment components have been developed: Fragility Analysis (FA),
and Conservative Deterministic Failure Margin (CDFM) methods.

Earthquake Experience and Seismic Test Data

The Seismic Qualification Utility Group (SQUG), has developed jointly with the
US NRC an earthquake experience and test based judgmental procedure to verify the
seismic adequacy of the specified safety-related equipment in operating NPPs using
seismic experience methods. The procedure is primarily based upon the performance
of installed mechanical and electrical equipment which have been subjected to actual
strong motion carthquakes as well as upon the behavior of equipment components
during simulated seismic tests. However, in accordance with the common U.S,
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practice, there may be structures and major pieces of equipment in the Reactor
Coolant System which are not represented in the data base and are excluded from
the scope of the Earthquake Experience Data since earthquake experience data
essentially is not available currently for these specialized SSC. It should also be noted
that most building structures have unique features, so that they are not included in
the earthquake experience data base. For SSC not in the data base, seismic
qualification is usually by analysis in the case of structures, systems and mechanical
components and by tests or a combination of tests and analysis for clectrical
equipment.

Seismic Walkdowns

The main focus of the walkdowns are on (a) anchorage of the equipment, (b)
load path from the anchorage up through the equipment and on (c) spatial systems
interactions. Structures and large vertical tanks in general and reactor coolant and
protection components and distribution systems will require analysis to determine if
fixes are required. In general, there will be three alternative disposition categories
for each SSC evaluated: (1) fix is required, (2) capacity is uncertain and an evaluation
is required to determine if a fix is required and (3) capacity is adequate for the
specified SME. The three alternate dispositions of the SSC are primarily based on
judgement and the walkdown teams must be experienced in order to make thesc
judgements. If fixes are required, it must be further decided if the fix falls within the
"easy fix" or "detailed fix" categories.

The Scismic Walkdowns may be conducted in two phases. Phase 1 is typically
referred to as the Preliminary Screening Walkdown. During this walkdown
disposition category 3 (capacity is adequate for the specified SME) are identified and
disposed as a line item on a Preliminary Screening Table. The other disposition
categories 1 and 2 require a more detailed walkdown where a SSC specific evaluation
form referred to as a Seismic Evaluation Work Sheet, SEWS are prepared.

IAEA BENCHMARK STUDY FOR THE SEISMIC ANALYSIS AND TESTING OF
WWER TYPE NPPs

An overview of a procedure which is recommended to assess and enhance the
seismic capacity of existing WWER reactors is provided. Major focus of this
procedure is to provide a cost-effective process which will allow to prioritize and
implement needed modifications in a timely manner, using the realistic assessment
of responses and capacities.

Major technical elements of this procedure are: (1) identification of the most
critical systems, components and structures needed for safe shutdown and to maintain
safe shutdown; (2) evaluation of as-built conditions through data gathering activity
such as review of design drawings and construction specifications and detailed
walkdown; (3) realistic assessment of plant response and capacity evaluations for .



developing acceptance criteria and designing cost-effective fixes, and (4) functional
qualification of active mechanical and electrical components through use of generic
test data applicable to all WWERs, plant-specific tests and earthquake experience
data.

This procedure is sub-divided into three major categories: equipment, structures
and distribution systems for prioritizing design and implementation of needed fixes.
Some fixes, such as anchorage upgrades, are easily identifiable and could be designed
for conservative seismic demand. This demand would be confirmed after a detailed
plant response analysis is completed. Other fixes involving major structural elements
or complex load paths would necessitate realistic response evaluations as well as

_capacity evaluation to design cost-effective fixes.

The aim of the assessment is to show that the plant can withstand a Level SL2
earthquake without giving rise to a Level V accident (on the INES Scale). This will
be mterpreted as ensuring that service condition D (as defined by ASME), or the
equivalent, is not exceeded. If this is not possible, modifications will be identified
that, when implemented, will prevent the occurrence of the Level V accident.

It should be noted that a Level V accident is defined as an "Accident with Off-

- site Risk". ' '

As may be seen from Figure 2, after identification and classification of systems
to be considered, the seismic input, soil data, acceptance criteria and loading
combinations are established. Considerable effort and decision making is required to
arrive at this point. In general, the seismic input is determined using the principles
and methods established for new sites and plants. (See e.g. IAEA 50-SG-S1, Rev.
1991) The only difference might be due to the "lifetime” of the plant, when the input
is calculated on a probabilistic basis. This is generally shorter for existing plants (if
life extension is not envisaged) and may lead to somewhat lower design values.

The major difference with the seismic design of a new plant would be related to
acceptance criteria, which would make use of existing safety margms 4o the fullest

“practical extent.

Beyond the evaluation of the situation and settmg up of criteria, the methodology
is specific depending on the plant item in question, i.e. structures, dlsmbutnon systems
and equipment.

'Special emphasis is given to the "easy-fixes" rcsultmg from the structural
evaluation of .distribution systems and equipment, which, when nnplemented may
increase seismic safety most cost effectively.

This has been already observed in the seismic upgradmg of the Kozloduy NPP,
Units 1-2, for which the IAEA has provided continuous support through review
services including the preparation of the Terms of Reference (TOR) fox" the seismic
upgrading program. The TOR specifies various phases for the seism; upgradmg
Each phase increases the safety level by implementation of "easier” fixe§-and assesses
the seismic capadity of more complex items systematically. This eveut@ly leads to
the attainment of the seismic safety goal within a specified time frame. .

The first step of the phased upgrading program comprises the m called 'easy
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fixes". .
These fixes were selected using the following criteria:
i) The item has to be fixed for ensuring the required margin.
ii) The technical solution and cost of the fixes should depend only slightly on the
limited variation of the earthquake level.
iii) The fixes should be relatively easy to carry out and can be realized during planned
outages. .
TORs have been prepared for Kozloduy, Paks, Bohunice and Mochovce NPPs.
The actual benchmarking of analysis and testing is mainly envisaged for
structural systems in the beginning of the project. It is planned to conduct full scale
dynamic testing of the reactor structures of both the Kozloduy (Unit 5 or 6) and Paks
(Unit 1, 2, 3 or 4) Nuclear Power Plants in 1994 and 1995. Although some testing
was already performed on these structures previously, it is envisaged to have a more
systematic and integrated approach of testing for the benchmark study. The
preparations for the full scale dynamic testing of Paks NPP are already under way. -
The Coordinated Research Programme on the benchmark study comprises
twenty one institutions from fourteen countries. It is a three year programme which
started in 1993. Two research coordination meetings have been held so far, the first
" at Paks NPP in September 1993 and the second at Kozloduy NPP in June 1994.

CONCLUDING REMARKS

In the 1960s and 1970s the nuclear industry led the way in the development of
the state-of-the-art for seismic hazard assessment and earthquake resistant design of
industrial facilities. Now the emphasis has shifted to the assessment and upgrading
of existing nuclear facilities. Systematic and practical methods are being developed
also in this area. These criteria and methods would also provide guidance in the
assessment and upgrading of existing conventional facilities.
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Table 1. Nuclear power plants in eastern Europe (selected)

No of Units

Plant Country Power/Type Status
Kozloduy Bulgaria 4 440/230 WWER In Operation
Kozloduy _ Bulgaria 2 1000 WWER In Operation
Belene Bulgaria 2 1000 WWER Construction
‘ Stopped
Cernavoda Romania 4 660 Candu Under
Construction
Krsko Slovenia 1 630 PWR In Operation
Paks Hungary 4 440/213 WWER In Operation
Bohunice Slovakia 2 440/230 WWER In Operation
Bohunice Slovakia 2 440/213 WWER In Operation
Mochovce Slovakia 2 440/213 WWER Under
- Construction
Dukovany Czech Republic 2 440/213 WWER In Operation
Temelin Czech Republic 2 1000 WWER Under
Construction
Medzamor Armenia 2 440/230 WWER Operation
Stopped

Table 2. Seismic design basis (SDB) for NPPs in eastern Europe (selected)

Plant Original SDB ~ Re-assessed SDB Upgrading
Status ;
(pga) (pga)
Kozloduy N.E.D. 0.2g Continuing in
first 4 units
Bohunice N.E.D. 0.25g (continuing) Continuing
Mochovce 0.05g 0.1g (continuing) -
Belene 0.1g Continuing -
Cernavoda 0.15g No re-assessment -
Paks N.E.D. 0.35g (continuing) Continuing
Krsko 0.3g Continuing -
Temelin 0.06g 0.1g Continuing
Medzamor 0.1g 0.4g (continuing) Continuing

bN.E.D.: No explicit design
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Figure 1
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Figure 2. Chart for cthe Assessment and lmprovémenc of Seismic Capacity -
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PRENTIVE ASEIESMIC STRENGTHENING:
FROM PROBLEMS AND APPROACHES TO
IMPLEMENTATION.

DEPREME K ARSI KORUYUCU GUCLENDIRME:
PROBLEMLER-COZUMLERE YAKLASIM VE UYGULAMALAR

Mark Klyaéhko and Alexandr Uzdin

ABSTRACT

Since 1987 the special Program and System for Preventive Seismic Safety
(PRESS) on the Urbanized Areas ( UA )have been developed in Russia by
KamCENDR. The Preventive Seismic Strengthening of Structures (PRESESS) is an
important part of PRESS.The problems,approachesrules,manuals,design  and
implementation of the PRESESS for reservoirs,water-towers,dams and -bridges are
considered.The common approaches and similar questions which concern the
strengthening of buildings have been expounded in article [5]. g

l. Introduction

In [5] the concepts and common insight into the problem of seismic safety and
strengthening of existing constructions were presented.

Nowadays the acuty and importance of construction reliability under EQ as well as
lessening of the seismic risk on the UA are becoming extremely high [5].

. At present there are a lot of structures which have been erected in accordance
with the outdated seismic codes or without regard of them; speedy aging,wear and
deterioration of existing structures; increase of site seismicity due to the human
influence, best knowledge and, as a result, reconsideration of seismic zoning maps
and/or soil due to the impairment of soil conditions and many other reasons, which
explain and justify the urgency of problems at issue.

In following of [2,3,4] we will discuss the Seismic Safety and Reliability
Problems which relate to lifelines (LL) and special structures (SS).

Dr.Center of EQE and Natural Disaster Reduction, Petropavlovsk, Russia
Prof.Dr. Center of EQE and Natural Disaster Reduction, Petropavlovsk, Russia

538



2.Classification of LL and SS.

Practically all main approaches being used for conventional buildings [5] are
extended to LL and SS.The implications of LL and SS in the problem of ensuring
the seismic safety cannot be overemphasized. Every new EQ is an added reason for
implementation of LL and SS in the damage-formating and emergency management on
the one hand and,on the other hand, shows their high vulnerability in practice.

As arule the following can be related to LL :

- systems of heat and energy supply

(electricity, gas, fuel, etc. ) -ES;
- systems of water supply

(including water purification) -WS;
- systems of sewage, recovery and sanitary -SS;

- systems of communication- CS ;
- transport systems including :

highway and railway transport -RTS;
air transport - - ATS;
water transport - WTS;

Among SS we will consider those potentially hazardous objects the reliability
of which determines the possibility of secondary industrial disaster.Within the
frames of the present article such SS as nuclear powerstations and chemical plants
will not be discussed and we will dwell on those SS which are the LL at the same
time,i.e. dams, reservoirs of different types, tanks and oil storage tanks, water towers,
chlorine stations, etc. According to the mentioned above we will hereinafter define
the systems under consideration as LL.

Alot of peculiarities being inherent in LL such as reliability, maintainability,
etc.,were more or less taken into account when being designed and built.But as the
systems the LL in cities, and.especially in megalopolises, were being created for
many years, the process being both chaotic and planned was_ influenced by different
ahd sometimes non-coordinated and out-of-date criteria. That is why the up-to-date
system approach and new criteria of vulnerability-reliability-risk to ensure the stable
functioning of existing LL on the seismic-prone UA are in need, and this task is not an
easy one.

3.Distinctions of LL.

Among the peculiarities of LL the design-constructive ones are of the highest
importance.

3.1Extension.Many of LL may be considered as multispan beams the supports of
which are large distance apart and in different soil conditions i.e. they perceive
 different seismic impacts.Even for relatively small bridges the soil conditions and
movements of abutments and supports on the river bottom differ essentially.

3.2.Interaction of LL-objects. The design consideration of interaction of LL-objects
in liguid environment ( bridge supports,marine constructions)or
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those containing liquidsn (tanks, water-towers, dams,pipelines have additional
difficulties.In some cases (dams, marine constructions, etc.,)it is necessary to take into
account the dynamic U-object-soil base interaction.

3.3. Distribution. Distribution of LL-systems over the large area implies that these
systems are placed in rather different conditions and subject to different loads in
different time.For example, different distance from the EQ focus may determine
diversified and essencially different seismic impacts on different elements of the LL-
objects.

3.4. Risk criteria for LL in the seismic - prone UA. Criteria of allowable
seismic risk for LL are not clearly defined. The difficulties are determined by:

- extension of LL , dispersal of critical elements and consequently of different
subjection to seismic impact in different points of the area of their location,

- lack of distinct requirements to allowable damages of LL that is defined in its
turn by maintainability and period of recovery of their functions, their responsibility
and the degree of required functioning in emergencies, availability and number of
doubling elements of the LL-system, possibilities and degree of secondary
damages from the objects.

Futhermore the extented LL-objects cann't be placed outside the
seismically dangerous areas that can be avoided when building the conventional
structures. For example, marine and oil storage tanks are often placed in the areas the
soil of which is subject to liquifaction ; electric power lines traverse across the
unstable slopes and steep hills which are avalanche and landslide dangerous, bridges
cross rivers and ravines which are in line with tectonic fractures.

Though every severe EQ carries away a lot of lives and results in tremendous
damage mainly through the damages of LL, there are no seismic schools which
discriptively shows the possible damages of LL because the unification of LL and
their damages are very difficult to be carried out.

All these peculiarities have been more or less regarded when calculating and
assessing the level of earthquake resistance (LER), forecasting the vulnerability and
damage formation and reaccessing the required reliability and strenghtening of LL:

However the problem of complex and comprehensive SR .analysis for the LL-
system is so multivalent and complicated that is far beyond the scope of this article
and requires special presentation. ’

The aim of the present article is to enlight the problem in complex, to point out the
most important peculiarities and the ways for solving the task as well as description of
some important theoretical and practical approaches and recommendations.

4. Procedures and approaches to the work.

As for the complex of work it consists, as in the case of conventional buildings, of
the works under the risk-analysis (PRANA) and risk management (PRIMA )
programs. It is added up from common stages (Fig.1).

Now we will expound the sequence of preliminary works within the frames of
PRAMA to ensure the reliability required and optimal allowable risk criteria of the
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LL-system and its elements distinguishing the peculiarities of PRESS which are
connected with LL.

4.1 The certification of existing LL on the UA including the detail description of
phisical (PSS) and exploatational (ESS) states of stuctures, LL maping and LL
DataDase for UA under issue. For these works to be carried out the Manuals have
been developed [1,8].

4.2 The estimation of expert LER (EXLER) of each element (individual
structures) and the whole existing LL-system. It is one of the most difficult problems,
which must be settled for each type of structures separately.Here are the new
approaches and up-to-date theoretical models and solutions such as the consideration of
extension, spatiality of structures, their interaction with a soil, of significant
importance. In accordance with LER the structures can be assigned to one or another
class of seismic stability that is reflected in DB and GIS of UA.

4.3 The direct vulnerability assessment of each element of LL- system with
regarding both the EQ-impact and possible secondary effects, of distribution over
the area and other special parameters of LL-systerm and, at last, of comprehensive risk
analysis of the LL-system. In the process of risk analysis we realize step 5 of the
diagram of Fig.1. that is we reveal the place and significance of each structure
with the LL-system during the emergency for disaster elimination and assign thr
RELER and other required performances of PSS and ESS. As this takes place
we must consider the LL-system in a whole together with the officials of the municipal
engineering services and civil defence when drawing up the plan of actions on
emergencymanagement.

Only after obtaining the comprehensive idea of probable damages in the LL-
system and understanding the complete seismic risk we can select the way and
method of the risk management (strengthening included) in relation to the whole LL-
system and its each element.

4.4.determination of shortage of LER and risk acceptability of breakdown of LL-
system and its elements, i.e.in which risk area each independent unit of the LL-
system is placed, what the probable damages or consequences of the calculated EQ
impact are and what the level oftheir admissibility is;

4.5.making the decision on necessity for reducing the damage risk or losing the
LL unit under the EQ up to an acceptable level and selection of ways and methods for
managing the risk ;

4.6.finding the technology for risk management and realiza- tion of the process.
The stages mentioned being similar in idea and aims differ significantly from
conventional buildings in their content,viz. determination of EXLER for
4.2 is impossible without regard of LL-objects extension and that fact that the
networks, pipeline and bridge supports are located in different soil conditions
because of which they are subject to different seismic impacts and react to them in
different ways. ‘

When implementing 4.3,4.4 there exist a number of peculiarities: as opposed to
the buildings the reliability required is the system parameter ; in the LL-system both the
key elements with high reliability and minor ones as well as non-recoverable and
maintainable LL-elements with various speed of probable reconditioning must be
distinguished; vulnerability and reliability of individual elements in the LL-systems
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may differ both from each other and from reliability ( allowable risk ) of the LL-system
ina whole ; assigning the required reliability of the LL-system and its individual
elements is a separate, uneasy and interesting task the solving of which requires to
consider the dispersal of the LL-objects in the LL-system.It is in common for the
connected large-scale power system the key objects of which are placed at different
distances from the EQ focuses (on different isoseists ). Here it is very important to
obtain beforehand the knowledge of the role and significance of the LL-system in a
whole and its stages for the emergency management and elimination of disasters.So
both the municiple engineering services and the civil defence bodies participate in
determining the RELER. _

When making and realizing the decisions 4.5,4.6 one may meet a significant
variance in.the ways of increasing the realiability of the LL-system, viz.improving
and/or strengthening of some system's elements up to the definite level; building of
new doubling and standby elements of the system; perfecting of operation and
bettering of maintainability and speed of reconditioning; mstallatxon of independent
local (off-system) LL-element that reduces the RELER etc.

5. Examples of strengthening the LL-objects.

5.1 To ensure the seismic reliability required of the heat supply systems for
residential buildings, which are of great importance in the event of winter
emergency in Petropavlosk Kamchatsky, it was enough to strenghen some supports of
the surface pipeline in the places of drastic change of soil condition under the
supports and to ensure the possibility of larger displacements of the pipeline at the
place of their input in some buildings.

5.2. The main problem for some UA are the water-towers and reservoirs with
water in the water supply system as well as the tanks with fuel-lubricant materials
which are placed on weak soils in the coastal areas or on the steep slopes above/near
the residential area and create a high threat for population.

A lot of efforts have been devoted to solution of this problem which resulted in
the patented [7] idea and method of pneumo-seismoprotection of various reservoirs,
tanks ,water-towers and dams.The method is the decrease of dynamic pressure on the
walls of the vessel by introducing the containers with air the volume of which is of 5-
10% of the whole content into the liquid.Such system operates either in the mode of
sesmoisolation or seismodamping.The design of seismic protection of the surface
reservoirs with water and fuel-lubricant materials of volume of 3000 m, 5000 m
and 7000 m have been developed.

5.3.To ensure the seismic reliability of some bridges on the Baikal-Amur railway it
is enough to strengthen the multibolt connection of the span-support fastening.lt is
these bolts which are the critical element in the complex bridge construction.
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6.Conclusions.

6.1.Approaches and solutions for ensuring the seismic reliability and safety of
the LL satisfy the general requirements expounded in [5] but they have some specific
features which differ from conventional buildings.

6.2.When analysing and managing the seismic risk in relation to LL and SS the
application of the system approach is becoming the obligatory.In doing so we must
take into account :

- the distribution of LL-system i.e.different remoteness of its elements from the
focuses of the EQ ; , .

- the extension of the LL-system (pipelines) and individual LL-objects (bridges) ;

- the different role of operational significance of the LL-system elements under
the emergency situation.

6.3.The obligatory preliminary materials for analysing and strengthening the LL
are the compound plans of networks and their management on the UA, DB and GIS
which have been received as a result of certification as well as the maps of
vulnerability of the LL. When drawing up the latter one should use the method of
Estimation and Logistic-Expert System Analysis (MELESA) [3]. In this case the
analytic models are combined with the particular DB, experience of exploatation of LL
and the principle " The chain is no stronger than its weakest link".

6.4 The developed system approaches and design solutions allowed to choose
the key elements in the LL-system, key construction elements in the LL-object and
then the necessary level of required strengthening and optimal way and method for it to
be achieved.

When managing the risk we apply the well-known principles of "Reasonable
Sufficiency","Economic Expediency" and "Optimum Choice", but instead of the
principle "Smoothing and Leveling of Risk" we use the principle "Protect the
Vulnerable Spot".

6.5 The developed methods of pneumo-seismoprotection of structures which
contain the liquid [7] and the new ways and technology for seismoprotection of bridges
[8] allow to manage the SR by effective strengthening of the LL-systems on the
UA.

6.6 All results of analysis and management of SR on the UA are reflected in the
Disaster Scenarios of the 3-d level (DISC-3) that allow to cotrol the whole process of
bettering the LL-system in the sense of its more stable and safety functioning.
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Seismic Strengthening of R/C Joints
Using Adhesively Bonded Steel Plates
- Experimental Results

Ali Mutlu KOYLUOGLU O, Yilmaz YUVA ), Giilay Altay ASKAR @,
Guido VERZELETTI ®, Artur V. PINTO ® '

SUMMARY

The present study was carried out in collaboration between Bogazi¢i University Civil
Engineering Department and EC-JRC-ELSA (European Laboratory for Structural
Assessment). The objective was to investigate experimentally and analytically the semi-
rigid behaviour and performance of the R/C beam-column joints, strengthened using
adhesively bonded external steel plates, under simulated earthquake loading. In the
content of this work, 8 specimens which have been prepared at Bogazi¢i University
Structures and Materials Laboratories in Istanbul, were tested at EC-JRC-ELSA
Laboratory in Ispra. Some evaluations on the experimental results including damage
mechanisms, force-displacement and moment-rotation characteristics and energy
dissipation capabilities have been compared with the reference tests. In addition, further .
improvements that can be made in the strengthening technique have been suggested.

OZET

Bu bildiride sunulan ¢aliyma Bogazigi Universitesi Ingaat Mithendisligi Boliimil ile EC-
JRC-ELSA (Avrupa Topiulugu-Ortak Arastirma Merkezi-Avrupa Yapisal Degerlendirme
Laboratuvary) tarafindan ortaklaga gergeklegtirilmigtir. Projenin amaci, digaridan
yapigtirilan gelik lamalarla guglendirilmis betonarme kolon-kirig birlesim yerlerinin
benzesik deprem yiiklemesi altindaki yari-rijit davranigimin deneysel ve analitik olarak
incelenmesidir. Bu proje kapsaminda 8 adet numune Bogazi¢i Universitesi Insaat
Mihendisligi Bélimt Laboratuvarlari'nda imal edilmis ve Avrupa Yapisal Degerlendirme
Laboratuvari'nda deneye tabi tutulmustur. Deneylerin sonucunda, referans deneylerle
karsilastirmalt  olarak, hasar mekanizmalary, yik-deplasman ve moment-donme
karakteristikleri ve enerji titketebilme kapasiteleri ile ilgili degerlendirmeler yapiimistir.
Ayrica, s6z konusu gilglendirme tekniginde yapilabilecek iyilestirmeler onerilmektedir.

1. Introduction

Experiences from strong earthquakes evidenced the vulnerability of reinforced concrete
buildings to strong ground shakings. During a strong earthquake, beam-to-column
connections are subjected to severe reversed cyclic loading and if they are not designed and

detailed properly, their performance can significantly affect the overall response of a
structure.

(1) Ph.D. Student, Bogazigi University, Civil Engineering Department, 80815, Bebek, stanbul, Turkey.
(@) professor and Head, Bogazigi University, Civil Engineering Department, 80815, Bebek, Istanbul, Turkey.
() EC-JRC-ELSA Laboratory, TP 480, 1-21020, Ispra, (VA), Italy.



There are many thousands of R/C buildings that are not designed and/or constructed in
accordance with the modern seismic codes. The most recent major earthquake occured in
Erzincan, Turkey on March 13'1, 1992, being located on the North Anatolian Fault which
is one of the most active seismic zones of the world, shown vulnerability of reinforced
concrete buildings and many of them suffered heavily causing loss of lives and economic
values. The insufficiently designed and/or constructed beam-column joints were one of the
main causes of earthquake induced damages. In many recent research works on damaged
R/C structures, attention has been given to study the causes of this type of failure. Besides,
conventional repair and strengthening techniques for the damaged structural parts with
particular attention to the joint regions, such as concrete jacketing, steel Jjacketing, epoxy
injection, etc., [3], have been studied mainly in experimental works.

On the other hand, consideration of the real joint behaviour from the stand point of the
level of semi-rigidity and complexity of moment-rotation curves and its effects on the
overall structural response is a recent subject area of concern which draws attention of
many researchers. The present research work has been initiated within the scope of the
semi-rigid behaviour characteristics in general and strengtheened R/C joints, in particular,
since the safety and economy of a structure can be achieved by understanding and
interpreting the real behaviour. '

An experimental and analytical research effort on lightly reinforced and strengthened R/C
structures has been underway at Bogazigi University, in collaboration with EC-JRC-ELSA
(European Laboratory for Structural Assessment) in Ispra, Italy. In this study, the
strengthening technique under consideration is adhesively bonded steel plates acting as
external reinforcements. The main objectives of the ongoing project are; (i) to perform tests
on full scale lightly reinforced and strengthened R/C exterior joint subasemblages, (ii) to
gain better understanding of performance and to investigate the behaviour of the regular,
lightly reinforced and strengthened R/C beam-column joints under reversed cyclic loading
and (iii) to assess and examine the effects of semi-rigidity on the overall behaviour of the
structure utilizing test results and to suggest modified models for simulation.

The bonded reinforcement method is charactérized by its excellent adaptability to existing
geometry, negligible reduction of overhead heights and clearances, quick completion with
no damage to adjacent structural elements, little noise and no vibration during application,
so that normal activity can go on largely unaffected, light weight elements that require only
light scaffolding and shuttering, [1], [4]. There are many applications such as; structural
members, especially beams and slabs, with adhesively bonded steel laminates, [5], [10],
fiber-reinforced polymer laminates and carbon fiber reinforced plastics, [6], [11].

In 1986, a manual have been published as a result of the Japan Ministry of Construction's
"Development of Repair Methods for Structures Damaged by Earthquakes Project”. In this
manual, against earthquake damages in RC piers, Bonding Band Steel Plate Technique has
been explained as a permanent repair method that can be selected out basing on judgement
of calamity. In case cut-off section of axial direction reinforcement gets damaged or
sheared, bonding of band steel plate is made to recover bearing force of load. By bonding
band steel plate vertically, enhancement of ductility can be achieved. Further, if the said
band steel plate is fixed to the footing, reinforcement effect is obtained. Also, ductility
resistance can be enhanced by bonding band steel plate transversely, [9].
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A cost effective, novel and efficient repair technique, involving post-tensioning metal strips
around the R/C members and the subsequent securing in place with metal clips has been
studied by Frangou and Pilakoutas, [8]. The results from the experiments demonstrate that
strengthening according to the the mentioned technique can increase the member strength
as well as ductility. :

However, to date, experimental and/or analytical work for the joint region have not been
encountered in the available literature, except limited applications in earthquake areas as a
complementary to the conventional strengthening methods. One recent application with
adhesives has been carried out in the field of repair and strengthening of several structural
connections after an earthquake damage which took place in Erzincan, Turkey, {2].

The beam-column subassemblages under consideration were representing the behaviour of
framed structures under lateral forces, (Figure 1.). Against lateral forces, when one
examines the columns in a frame, with the assumption that the inflection point locations
are at midheights of the columns, subassemblages are selected by taking the lower half of
the upper column and the upper half of the lower column in a joint.

L2
Figure 1. Beam-Column Joint Subassemblage.

2. Materials

The specimens tested, although they are all made up of C 20 class concrete, can be grouped
according to the type of reinforcing steel used. In the first group composed of 5 specimens
and in the second group composed of 3 specimens, high stregth steel deformed bars and
mild steel undeformed bars have been used, respectively, as longitudional and transverse
reinforcements for both the beam and the column.

The external steel plates have been manufactured using ST 37 (fy=240 MPa) grade steel of
4 mm thickness and they have been mechanically formed. These external reinforcements
have been bonded to the concrete surfaces by using epoxy based structural adhesives. The
commercial product, Araldite Bonding Paste, which has been used in this experimental
work, has a compressive strength of 80 MPa and a flexural strength of 20 MPa at full cure.
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3. Experiméntal Studies

The purpose of the tests to be conducted was to investigate the behaviour and the
connection characteristics of the regularly, lightly reinforced and strengthened R/C beam-
column joints under reversed cyclic loading.

Eight specimens were tested in the experimental program, (Table 1.). As shown in Figure
2., the specimens are of external type beam-column joints of a two dimensional frame. The'
columns have cross sectional dimensions of 400mm x 250mm and a length of 3000mm,
and the beams have cross sectional dimensions of 400mm x 250mm and a length of
1500mm. Approximate weight of a specimen is 11 kN.

Table 1. Eight Different Beam-Column Connetion Designs.

Spectmen Steel Quality Transverse Haiving of External Notes
Reinforcement| Tie Spacing | Reinforcements
Inthe joint | at the beam &
column ends
BC 1 High Strength Steet No No Present
(deformed bars)
BC 2 Mild Steel No No Present
(undeformed bars)
BC3 High Strength Steel No Yes No Sub-Reference for;
({deformed bars) | BC4
BC4 High Strength Steel No Yes Present
(detormed bars)
BCS High Strength Steel No No No Sub-Reference lor;
(deformed bars) BC1 o
BCS Mild Steel No No No Sub-Reference for;
undeformed bars) . BC2
BC7 Mild Steel Yes Yes No Reference for;
(undeformed bars) BC2&BCSE
acs High Strength Steel Yes Yes No * Refarance for;
(deformed bars) BC1,BC3,BC4LBCS
—— 614
D I.«.
_____
250
B-B
*B
3000 1 400
+ B
A LA
k4 ¢ 85
g
-
00
A-A
400 1500

Figure 2. Beam-Column Subassemblage Dimensions and Reinforcements.

The specimens have been supported from the upper and the lower ends of the column, both
in the horizontal and vertical directions, and also, at both ends, out of plane movements
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have been prevented. They have end-plates, anchored to the specimens and with threaded
holes, at the free ends of thc beams and columns to lift and to support them and to apply
the loads.

From the tip of the beams, the specimens have been loaded by a displacement controlled
forcing function, with a maximum stroke of 60 mm and composed of reversed cyclic
displacement patterns which are repeating themselves 3 times at every step, (Figure 3.).
Also, an axial load of 160 kN, corresponding to a normalized axial load of v=0.08, has
been applied to the column to simulate the weight of the upper stories. Both the axial load
in the column and the transversal load in the beam have been imposed using two MOOG
hydraulic double acting actuators and the loads have been monitored with Maywood-5400
load cells mounted on them. Also, a Heidenhein optical transducer has been employed to
measure the absolute beam end transversal displacement with respect to an independent
reference, acting as the controller. Considering the test set-up support conditions and the
loading, it is concluded that the moment and the shear diagrams of the subassemblage are
simulating the earthquake induced internal forces.

{mm]

60.00

20,00 L

-2000

“0.00 |-

[ms]
-60.00 L s . i i

00 1.00 2,00 3.00 4.00 5.00 6.00
Figure 3. Beam-Tip Displacement Function. XLEG

The eight specimens can be grouped as bare and strengthened, too. Although there are
differences between and within the groups, basicly same cross sections, subassembly
dimensions and testing methodology have been used for the full scale testing program. The
first group consists of the specimens without external steel laminates and the second group
with external steel laminates.

The first group of tests (total of 5); includes the reference specimens designed in
accordance with the modern seismic codes and recommendations, and the sub-reference
specimens reflecting defficiencies in common practice, which contains non-ductile design
of reinforced concrete without any transverse reinforcement with in the Joint panel and
insufficient transverse reinforcement at the beam and the column end regions. During the
experiments measurements will be made with the 12 strain gauges attached to the
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reinforcements and 8 displacement transducers fixed to the beam and column ends to
measure the rotations.

On the other hand, the second group of tests (total of 3), are similiar to the sub-references
mentioned above, except they are externally reinforced, and, in addition to the
measurements made for the first group of tests, 14 more strain gauges have been employed
on the external reinforcements.

4. Experimental Results

Load carrying capacity; The test results have shown that the load carrying capacity of the
externally reinforced joints have increased about 30% for both type of specimens with high
strength steel and mild steel. The force-displacement curve envelopes for them are given in
Figure 4. '

Load [kN, Load [kN,
60,04 [kN] 5 ad [kN]

50.
40.

30.

T ETEIER

20.

10. ° cl 1 e Bc2
. 5.0 {.
o Disp. [mm BCS Disp. [mm BC6
00 5.00 10.00 /5.00 20.00 25.00 30.00 35.00 .00 500 10.00 15.00 20.00 25.00 30.00 35.00

" Figure 4. Force-Displacement Curve Envelopes for the Tests (a) BC1 & BCS5, (HSS),
(®) BC2 & BC6, (MS).

Damag% Mechanisms; While the damage occured at the beam ends for the bare specimens,
in case of the strengthened ones, it dislocated and moved to the end of the external

reinforcements. In general the adhesives worked well, but in one of the experiments, at
high displacement levels, as a result of the seperation of two external reinforcements from
the others, a second damage location is also introduced at the beam fixed end, (Test BC 4).

Energy dissipation capabilities; Cumulative energy dissipations for different parts of the
specimens have been computed using force-displacement and moment-rotation curves. It
has been observed that, in harmony with the damage locations, most of the energy
dissipation occured at the beam ends for the bare specimens and at the end of the external
reinforcements for the strengthened specimens. In case of Test BC 4, where a second
damage location is introduced, also energy dissipation occured at the beam end, (Figure 5).
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Table 3. Force - Displacement Curves.
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Figure 5. Test BC 4 - Cumulative Energy Dissipation Contributions
(a) as a %of total CED, (b) as a % of final total CED.

Further repairability; As the damage is relocated far from the joint, not only the overall
stability of the structure is positively affected, but also the further repair can be made much
more easily in the beam compared to a repair work in the joint.

Further Improvements of the strengthening scheme; The external reinforcements must be
moved closer to the edges to have higher efficiency, and to avoid the propogation of
potential cracks much earlier. The thickness of the steel laminates can be thinner and they
can be cut after one depth length in to the member. The number of transversal external
reinforcements can be lesser.

5. Summary

Beam-column joints are regarded as the critical parts of framed structures under seismic
loadings. In the present.study, some of the experimental results of the full scale test series
conducted on the behaviour of exterior beam-column joints which are improperly and
properly detailed in accordance with the modern seismic codes and strengthened with
adhesively bonded external steel laminates.

A joint is required to function as a restraint to adjoining horizontal and vertical members
such that throughout the loading history the members can develop their full inelastic
capacity. As the concrete tends to crack and swell with the incresing number of load
reversals, the joint external reinforcements will be more cffective in holding the joint
concrete together and the failure of joint concrete either in compression or shear will be
delayed or prevented.

Dislocation of damages in the beams away from the column face and local strengthening of
the joints can change the dynamic characteristics of the overall building. It was found that
the seismic response of R/C buildings is sensitive to dislocating beam plastic hinging zones
away from the column face and the degree of sensitivity varies with respect to a lot of
parameters, such as response parameter, beam span length, beam flexural strength at the
relocated plastic-hinging zone, and input earthquake record, [7].
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Finally, although the subject scheme adequately strengthens R/C joints, designer should
also consider the dislocation of the damages and should make his design considering the
changes in the dynamic characteristics of the over all structure.
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RETROFIT OF R/C STRUCTURES WITH SUPPLEMENTAL
DAMPING

BETONARME YAPILARIN EK SONUM OLUSTURULARAK
IYILESTIRILMES]

Andrei M. Reinhorn' and Chen Li?

ABSTRACT

The retrofit of structurcs to withstand future earthquakes without or with reduced
damage becomc an important issue after thc recent severc loses in urban areas.
Supplemental cncrgy-absorbing devices, including fluid viscous dampers, friction
dampers and viscous walls, to improve the scismic behavior of a damaged reinforced
concrete structurcs were studicd analytically and experimentally as a possible method
for retrofit.

INTRODUCTION

An innovative approach to mitigatec thc carthquake effects in the already
damaged structures from previous scismic events is to use energy dissipation devices.
If less input encrgy is transformed into hysteretic encrgy in the gravity load carrying
clements, Iess damage will be generated.. Instcad of withdrawing system cnergy by
damaging structural members, various types of damping devices can be added to
dissipate energy during scismic events. In this paper, a 1:3 scalc three story reinforced
concrcte model structure, retrofitted using various damping devices, tested with
simulated carthquakes on a shaking table study and cvaluated analytically is presented
along with initial observations on the effect of supplemental damping in such inelastic
structures.

DESCRIPTION OF DAMPING DEVICES

Fluid viscous dampers (Fig 1(a)) have been used in military for many ycars
because of their efficicncy and longevity. This kind of devices, which operates on the
principlc of fluid flow through orifices (Constantinou, 1993) presents high viscous
behavior in the range of structural fundamental frequencics. Such devices made by
Taylor Devices, USA, were studied in an extensive experimental study.

Friction dampers have very high performance characteristics (Aiken ct al 1990),
with behavior nearly unaffected by amplitude, frequency, temperature and the number

' Profcssor, Dept. of Civil Eng., University at Buffalo, Buffalo, NY 14260, USA
* Graduate Student, Dept. of Civil Eng., University at Buffalo, NY 14260, USA
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of applicd loading cycles. Two kinds of friction dampers made by Tckton Company,
Arizona, USA (Fig.1(b)) and Sumitomo Metal Ltd, Japan (Fig. 1(d)) werc investigated.

Viscous damping walls (Fig.1(c)), consisting of an upper plate hanging [rom the
floor above into a casc (the wall) filled with highly viscous fluid, developed by
Sumitomo Construction Co., Japan, were also studied. All the devices dissipate encrgy
through viscous (Fig 2(a) and (c)) or friction (Fig.2(b) and (d)) mechanisms.

EXPERIMENTAL STUDY OF RETROFITTED CONCRETE BUILDING

An cxperimental study of a damaged model of reinforced concrete structure
retrofitied with various damping devices was carried out in Seismic Simulation
Laboratory at the State University of New York at Buffalo. The testing structure is a
1:3 scale model of three story lightly reinforced concrete frame building. A mass
simulation requircd an addition of 54 kips for a total model weight of 81 kips.

The fluid viscous, viscoelastic or friction devices were assembled along two stecl
braces and connccted by stecl brackets to the story slabs at the joints of interior
columns and beams (Fig.3(a)). The viscous walls werc connccted between beams at
interior bays (Fig.3(b)). Five typical historical earthquake motions with pcak ground
acccleration of up to 0.5g were used for testing. The structure without any dampers
was tested after cach retrofit test for comparison sakes.

EXPERIMENTAL RESULTS

The structural elements (columns and beams) yield, due to their low capacity, in
cither prescnce or absence of dampers. The influence of dampers-follows a clear
pattern: (i) The dcformations are reduced in presence of dampers up to 66% in some
cases (viscous walls). The displacement response is reduced at all floors substantially
(Fig. 4). (ii) The total shear forces are reduced insubstantially, when the majority of
force is taken by the dampers (up to 70%) at low displacements and by the columns at
large displacements. (iii) While the columns expericnce hysteretic loops in the absence
of dampers (Fig 5(a)), the encrgy is dissipated by dampers (Fig 5(c)) while the
columns remain clastic (Fig 5(b)).

Table 1 Comparison of structural characteristics (Taft PGA=0.2g)

Without | Fluid 'WE. |Sumitomo| Teckton | Viscous

Damper | Dampers | Dampers | Friction | Friction walls
‘ Dampers | Dampers

Frequency(Hz) 1.62 1.81 2.93 3.12 3.10 4.00
Col. Force(kips)| 13.85 10.43 10.28 742 7.52 4.41
Max. Drift(in) 0.62 0.28 0.30 0.26 0.21 0.12

' from Lobo et al. 1993.

The inter-story drifts and shear force in the columns are substantially reduced at
all floors (see Tablc 1). While the inter-story drifts are reduced about three times, the
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shcar forces arc reduced by moderatc amounts because of the inclastic behavior of the
structure.

The structural frequencies in all modes increase at low level displacements
observed in identification tests as shown in Table 1. The structural frequencies
decrease during higher amplitude of ground motion, differently for each damping
system. o
Fig 6 shows the pcak responses for all the devices at all floors of the structure. It
should be noted that while the deformations are reduced at all floors, most by the
viscous walls (Fig 6(a)), the overturning moments arc unchanged (or cven increased
for the viscous walls) as shown in Fig. 6(d). The base shear is also unchanged
however the column forces arc reduced (Fig 6(f)). The capacity demand analysis
shown below completcly explains the behavior.

The structurc with damping braces changes the structural behavior from moment
resisting (ramc to braced frame. The forces which develop in damping braces induce
some additional axial forces in the columns, while the bending moments of the
columns are significantly reduced. The demand is reduced within the cracking range.

MATHEMATICAL MODELING OF R/C STRUCTURES WITH DAMPING

The fundamental cquation of motion of multi-degree of freedom structure with
damping devices can be expressed in matrix form as

Mu+Cu+Ku +Iy=-Mlu, (D
where M = mass matrix, C = overall damping matrix of the structure, K= overall
stiffncss matrix. I = vector of ones or zeros indicating excitation in any degree of
frecdom, 7, # and u are the vectors of relative acceleration, velocity, and displacement
of dcgree of freedom respectively. /74 for fluid viscous damping devices is formulated
by Maxwell Model as v
Fao+AIF; =Cauy ..(2)
where C,=viscous damping constant at zero frequency, and A = C4/K 4, in which Ky
=damper stiffness at very high frequency. /4 for friction hysterctic devices are
modcled by Bouc-Wen's model: ‘ _ :
Fa=Ko(owm +(1 -)Zuy), Z=(ulu)[1-Z*(ysgn(UZD)+B)]  ..3)
where K =initial stiffness, o=post stillness ratio, ¥ + B =1, and Z is a dimensionless
quantity.

CAPACITY VERSUS DEMAND

Based on analytical studies using the above models, it is possible to detcrmine the
contribution of cach type of damper to the demand-capacity rclation, as shown below.

An addition of an idcntical amount of equivalent critical damping can be
obtained in the structurc by using any of the devices studied. However, their different
behavior can be explainced by the capacity demand diagram shown in Fig.7.

The figure shows the total base shear versus the first story drifi. The figure
indicates the intersection of the inelastic capacity diagram with the carthquake spectral
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demand (according to UBC 1991) which wifl indicate the maximum responsc demand.
Each device produces a different enhancement to the structural capacity (sce Fig.7).

The diagram indicates that a major reduction of drift is produced by all devices.
However the shear forces are not reduced substantially and addition of substantial
stiffness may cven increase the force demands. Although the structurc with added
stiflness dampers is stronger, the retrofit may impose larger demands on foundations
or other connecting parts. Carcful consideration should be given in such cases.

The above qualitative results are in line with the analytical and experimental
results obtained in this study. The initial slope increase indicates increase of structure
frequency for the viscous walls (added stiffness) and friction devices as expected. The
fluid devices had only a minimum influence on initial frequency. The capacity
diagram for the structurc with the fluid devices (Fig. 8) shows the displacement
reduction without the reduction in the base shear. The figurc shows also a minimal
increase of the stifTness as expected for fluid devices.

The deformations werc substantially reduced by all devices, however the shear
force of basc followed the expected path. The devices that added the most stiffncss
(viscous wall) increascd the shear demand. The other devices did not add substantially
to the shear force which was neither increased nor reduced (sce Fig.7 and comparc
with Fig. 6). However, the shear demand in columns was reduced in all cases since
forces were transferred through dampers. It should be understood that all devices can
be beneficial in the same way if the stiffness and damping increases arc properly
understood and matched by design. This experimental study intended to evaluate
identical devices but their match may have not been perfect.

CONCLUDING REMARKS

Damping devices are able to reduce the story drift and column shear forces
significantly in concrete moment resisting frames in which they are installed. They are
good alternative for scismic retrofit of concrete structures.

The damper forces contribute to the base shear and produce additional local force
to structural elements. The damping braces will cause additional axial forces in the
columns they arc connected to, and the viscous walls will produce additional local
bending moments to the beams they were installed.

The use of damping braces changed the overall and individual element response
of structure. The introduction of damping to the structurc by adding damping braces
can reduce floor displacements and accelerations in the structure. But the increase of
stiffness due to adding damping devices may enlarge the structure floor acceleration
and column axial forces as well.

- Adding damping braces, the behavior of the structure is changed from moment
resisting frame to braced frame. The local force transfer pattern should be carcfully
verificd and understood before the retrofit solution is suggested. The analyscs were
donc with various earthquakes of various frequency contents. The carthquake that
contain strong velocity pulses may create a large response that the dampers can not
respond efficiently. This subject should be given further attention in the future.

|9,
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(b) Structure with viscous walls

(a) Structure with damping braces

Fig.3 - 1:3 scale model for experimental study




sjuouodwon SINIONIS Ul SJUSWIORIdSIP 9010, - G514

{N1) L4153 AHOLS-H3LNI
ot S0 00 SO0 Ot
T T

T 0'ge-
1 1 t
L - - -4 - o -+ - -4 OG-
i ) 1
-1 09
- - oS
1 ] 1
e oL EEE TR N E-13
I 1 I
) | J gez
(NI) 131HQ AHOLS-H31NI
0L S0 00 §0 0O
: T ose-

f - —slm =4 ===+ --4 OG-

1
- --r--10%
lll_ ]

1---r--4 o5t

1
il |

i 1] 1
<) . 0'se
(NI} 14140 AHOLS-HIINI
0L S0 00 S0 O}
Y T " 0'se-
1] 1 1
b - e ctm e e m ==~ ~4 OG-
1 ) s 1
.llI"lll.— 1|"..0|- 0's-
- Aok o
1) 1 1
L ---f-—q---r--4 06t
5. . : 052

(SdINHVIHS AY

(SdiM)YV3HS "HadWva

n100

(SdIMUVIHS NW

(N1) 14150 AHOLS-H3INI
oL S0 00 S0 0Ot

T 0's2-
0Gt-
06
oS
oSt

'
¥ . 05z

(N1) 141YQ AHOLS-H3LIN
04 S0 00 S0 O
r T 0's2-
~-edmm=bg-4 061
o'
0's
0'si
0'sg

T
1

(SdIM) HY3HS AHOLS

(SdIM)HVYIHS NWNT100

ssadwep ping yim ssuodsal juawdde[dsiq - $' 81

(03s)aniL

00

0'S¢e 002 oGt 001
T T

T

0¢
0’}

1

AHOLS LsHid

0'se 00¢c 06t ool

0¢

-AHOLS GNOO3S

0'se 002 0S4 - 001
T L

0t

AHOLS dO1L

0C

(NI)IN3IW3OVdSIa (NI AN3W30VIdSIa

(N IN3W3OVIdSI

564



axenbyues (8¢°0 YD) 01ua)| 01 ssadwep snotea yim padinba ainjonus jo sasuodsal yead - 9 Bif

(ybtepsreeys) '0's

vo co 00
. T - T 0
™
noum A-A
M SNoOSA VY |- 41
UoR LARL GO
Jodurep P G-O | 12
2 b 2 1 €
(srun) yup "1RA
o} S 0 o
W '
- 41
L 42
1 1 L €
() omey wiq .
00002 0000°L 00000
0\ v T T 00
AP‘ i
10t
R4
1 i "

ot

(sdiy) ewo seays

(414 oe (74 ot 0

jeeys i G ©

FYSERLPO |

(sdiy) ea104 Burdureq "ppy
oE 0z ot o

ST

(usd) W10

000v 0002 0

(6} -2ov
90 V0 T0 00

(w) dsiq
0¢ Sl ot S0 00

565



BASE SHEAR/BUILDING WEIGHT (%)

Sap V <(:apaci with added stif%ess
=W Spcctmm developed YISCOEe1aStIC.VISCOLS wa
& for originally damped gapacity with added
bldg 3% of critical capac;}y i "
original’or adde
S Ctl;lll]m 2for adcfied. ica yis%xous damping
s
original bldg response|  [eriction
enhancemen
retrofitted
response
d=S ,
Fig. 7 - Capacity diagrams vs. spectrum demand
100 ,

— ~ WITH DAMPERS (K+[K"])
~ —  WITH DAMPERS (K+Kavg)
------- WITH DAMPERS (K+K1)
—— W/O DAMPERS

—— 3% DAMPING

<o 5% DAMPING

- -~ 10% DAMPING

— - 20% DAMPING

— - 30% DAMPING

—

_____ EARTHQUAKE TESTING
(WITHOUT)

(WITH)

0
0.0

Fij

1.0 20
TOP DISPLACEMENT/BUILDING HEIGHT (%)

3. 8 - Capacity diagram for structure with {luid dampcers

vs. spectrum of ElCentro earthquake

566



HASARLI BiR YAPININ DEPREM DAVRANISININ INCELENMESI VE
OGRENILEN DERSLER

ANALYSIS OF AN EARTHQUAKE DAMAGED BUILDING AND LESSONS
LEARNED

Dr. Hiiscyin Tckel! Prof. Dr. Ergin Atimtay?

SUMMARY

In this study , the dynamik and statik behavior of a building , damaged by the
Erzincan Earthquake in 13 March 1992, is examincd. The study is concentrated
mainly on the reasons of the light damage of the building in spite of incorrect design
applications of the 1968 Earthquake code , and having not enough stirrups and tics at
joints and low concrete stregth.

Firsly, the building is analyscd using the cquivalent static carthquake force as
defined in the 1968 Earthquake Code. The building is also visually inspected to
cvaluate the quality of construction. Secondly, the building is analyzed by computer on
a three dimensional statik and dinamic model by using the 1975 Earthquake Code and
making usc of normalized spectrum diagrams and spectrums obtained from the
recorded accelerogram to explain the behavior of the building during the carthquake
and the reasons of the damage. Results about the strength and behavior of the building
arc given and reccommentations and conclusions are made.

OZET

Bu ¢alismada, 13 Mart 1992 Erzincan Dcepreminde hafif hasara ugrayan bir
yapuun  statik ve dinamik davramst incelenmistir. Cahismada :© yapuun 1968
Yonctmelik kosullarina gére dizayn cdilmesine, etriyelerin yetersiz olmasina, digim
noktalarinda ctriye siklagtirilmastnin yapiimamis olmasina ve beton mukavcmcl.inin
dizayn degerinin altinda bulunmasina ragmen, yapimin depremi hafif hasarla

atlatabilmesinin ve bu hasarin bolgesel kalmasinin nedeni arastiriimigtir.
GIRIS

13 Mart 1992 giinii Erzincan'da Richter Olgegine gore 6.8 siddetinde bir deprem

meydana gelimis ve en biiyiik yer ivmesi ortalama 15 su siirmistiir{l]. Bu yer

! br. Hiiseyin Tekel, Iava Kuvvetleri Komutanligi, Ankara
Prof.Dr.Ergin Atimtay, O.D.T.U. Ingaat Fakaltesi,Ankara
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hareketiyle ilgili sehir merkezinde tesbit. edilen ivme kaytlan Sekil:1'de

gorilmektedir[2].

g

13 MART 1992 ERZINCAN DEPREMI
T v Y T e T T T
i i KUZEY-GUNEY: maks=0.39g

& 500 . .
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Sekil: 1 Deprem Kuvvetli Hareket Kaydi(ivme)

YAPININ MIMARI VE STATIK SISTEMJ -

Yapt zemin ve st iki kat olmak iizere toplam ¢ katur. Kat yiikseklikleri bitin

katlarda sabit ve 3.60m olup kat plamt Sekil: 2' de goriilmektedir.
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Sekil: 2 Yapiin Zemin Kat Plani
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Kolon boyutlan dig akslarda 30x50cm olarak tiim katlarda sabit tutulmus, i¢
akslarda ise zemin katta 70x25cm, birinci katta 60x25cm ve ikinci katta ise 35x25cm
secilmistir. Kirigler bir dogrultuda 25x70cm, diger dogrultuda 25x80cm boyutlarinda

diizenlenmigtir.

HASAR DAGILIMI

Zemin kat koridor bolgesindeki kisa kiriglerde kilcal gatlaklar, merdiven
kovasindaki kirislerde kesme ve egilme gatlaklar tesbit cdilmigtir. D aksi zemin kat
kolonlarinin  dist digim noktalarinda Resim:l'de gorilen kismi  mafsallagma
goriilmiistiir. D aksina simetrik olan A aksinin ayni kolonlarinda hasar tesbit

edilememistir.

Resim: 1 Hasarli Kolon Bolgesi
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YAPININ STATIK ESDEGER KUVVETLER YONTEMIYLE HESAPLANMAST

TABLO:1  STATIK ESDEGER KUVVETLER YONTEMIYLE BULUNAN KESIT
TESIRLERI VE DONATILLAR
KOL KESIT TESIR. VE DONATILAR KESIT TESIR. VE DONATILAR

NO C=0.06 C=0.10
Mx My N As As Mx My N As
Mev. Ger.
tm tm t cm2 cm2 tm tm { cm?2

D1l 1346 | .15 | 34.57 | 30.41 | 3542 | 2098 445 15223 | 45.52
D2 13.26 | .07 | §3.92 | 3041 | 3791 21.10 113 79.62 | 48.78
D3 12.50 ] .03 | 46.86 | 30.41 | 3429 | 20.38 059 | 81.20 | 46.43
Dda | 11.94 | .02 | 5525 | 3041 [3535 ] 19.74 1.55 | 81.50 | 48.96
D4ii 18.09 263 |6893 | 4552
D35 1194 1.02 |5 3041 | 3550 | 17.17 [ 258 | 8347 | 44.50

wn
N
wn

Tablo:1 1968 ve 1975 Deprem Yonetmeligi csas alinarak sirastyla Emniyet
Gerilmeleri Yéntemi ve Tagtma Giicii hesap csaslart kullarularak bulunan  kesit
tesirleri ve donatt miktarlanimt gostermektedir|3]. Kolon kiigik boyutu B'nin, Ly, kolon

yiiksckligi olmak tizere

B<Ly/12 (-

segilmesi kolon boyutlarinin da uygun scgilmedigini gostermektedir[4].
HASARLI KOLONLARIN INCELENMESi

Kolonlarnin  karsithkh ctkilesim diyagrami Sckil: 3' tc |, Moment-Egrilik

Diyagramu ise Sckil: 4' tc goriilmektedir.



250
1975 Deprem Yoénetmeligi
—_ 200 - -
C 1968 Dep. Yon.
]
]
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g 100 A
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50 - /"-//«,:‘,:/7“/,. e
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Sekil: 3 Hasarli Kolonlarin Karsilikh Etkilesim Divagramlar
50 |-
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RAD/m x105

Sckil: 4 Hasarli Kolonlartn Moment- Egrilik Diyagrami

Diyagramda AB Noktalariin apsisleri A, B, akma noktalarnu  C.D

noktalarinin apsisleri Cy, Dy, kopma noktalarim gostermektedir. Iki apsisin orani
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K=Cy/A, )

ilc siincklik katsayisimn tanumlandigt bilinmcktedir. Bu katsayr diyagramdan 2
civarinda bulunmaktadir. Kolonlar igin bu degerin 2-3 arasinda  degismesi
istendiginden anilan kolonlarin yeterli siineklige sahip olduklar anlagilmaktadir[5] .
Yapin zemin kat kolon alt ve st diigim noktalarinda meydana gelen plastik
mafsallarla ¢okme mekanizmasina gegtigi kabul edilsin. Yaklasik olarak tek ekscnli
analizlc kolonun dengesi
_ Vp=(Ma+tM)/h &)
olarak yazilir. Plastik mafsal momenti  kolonlarin  Moment-Normal  Kuvvcet
diyagramindan heriki mafsal igin yaklagik 20tm ahnabilecegi goriilmektedir. Bu
degerlerden Vp=11.12 t, dinamik hesaplardan clde edilen kesme kuvveti Vd=50.92 t
ve kolonlarin dayanim orani
R=¥,/V4 4)

P
0.22 olarak bulunur[6].

YAPININ DINAMIK ANALIZI

Yapimn dinamik hesaplart SAP90 Genel Amaglt Analiz Programu kullanilarak
yapilmis yapida duvarlann etkileri dikkatc alinamadi1 igin bulunan peryot degerleri
- tabloya 1.2 'ye béliinerek yazilmugtir[7].

Modlarin siiperpozisyonu yontemiyle yapilan analizde alman modlarin sayisi,
toplam modal davramisa giren kiitle yiizdeleri, toplam kiitlelerin yiizde doksanindan
fazla olacak sekilde segilmistir[7). Bu amagla ilk ii¢ titresim modu yeterli olmustur.
Soniim katsayis1 0.05 alinarak bulunan sonuglar Tablo: 2' de dzetlenmistir.

Peryot dcgerlerinin, 0.IN degerinin iistiinde olmasi, kat yiiksekliklerinin fazla
olmasindan kaynaklanmaktadir[8]. Bu peryot degerleri ile, yapuim depremden en fazla

etkilenen yapi gurubunun iginde yer aldigi spektrum degerlerinden anlasilmaktadir[9].
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TABLO: 2 SISTEMIN PERYOT VE KUTLE KATILIM FAKTORLERI

M. | PER KUT.K.% KAT.F. TAB.KES.K. M.CINSI
N.
X Y Ly Ly V. Vy,
1 | .605 ) 9440 | .00 [ -12.30 -0.02 1158 00 X. Y.EGIL
2 1 .529 .00 3.40 02 -2.32 0026 | 41.99 BURUL.
3 | .439 00 | 94.11 02 -12.00 .00 1339 | Y.Y.EGIL.
: 1158 | 1381

Taban Kesme Kuvveti Katsayist C=0.745g, Cy=0.860g bulunmustur. Bu yatay
deprem Kkatsayisinin depremde kayd cdilen taban ivine katsayisindan Dogu-Bati
yonunde 0.72, Kuzey-Giiney yoniinde 0.86 daha bilyiik oldugu goérilmcktedir. Bu
yitksck deprem katsaytlartnin etkisiyle meydana gelen kesit tesirleri Tablo: 3'te

dzctlcnmistir.

TABLO:3 DINAMIK HESAPLARLA BULUNAN KESIT TESIRLERI

EL. | TASARIM SPEC. A=0.5,0.4,0.25 | GER. DEP. SPECTRUM DEGER.
Mx My Ny M, My‘ N
tm tm fon tm tm ton

DI | 47.65 143.75 87.13 36.16 135.28 78.19
D2 | 50.80 139.03 73.07 38.55 131.64 68.85
D3 | 51.40 135.76 80.17 39.01 129.12 74.33
Dda | 86.96 159.13 159.04 65.99 151.71 148.21
Ddii | 52.15 106.45 84.04 39.59 101.48 79.96
DS | 86.96 154.06 134.76 66.00 146.89 124.15
Al | 35.09 143.85 86.98 27.63 135.34 71.52
A2 | 3776 139.03 73.50 29.72 131.64 69.71

Yapmnin dinamik ve statik kesit tesirleri arasinda biiyiik farkhliklar oldugu
goriilmektedir. Dinamik hesaplardan bulunan kesit tesirlerini, yapmin clastik stntrlar
icinde kalarak dayanimuyla karsilamasi mimkiin olmadigindan, yapmin clastik otesi

sinirlarda davrandigr anlasiimaktadir. Dizayn kesit tesirlerinin , dinamik hesaplar

N
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sonucunda eldc cdilen kesit tesirerinin yapi siincklik katsayisi ile bolenerck bultindugu
bilinmcktedir[10].

Yapimnn gergeve sisteminden ibarct olmasi, kolon ve kiris clemanlarinin yeterhi
diktl davramglart gostermesi, yapt dayammunin diisiik olmast dikkate alinarak yapi
diiktilite katsayist 8 almrmstir[11]. Tablodaki moment kesit tesirleri  diiktilite

katsayisina boliincrck bulunan kesit tesirleri ve donatilar Tablo: 4 te ozetlenmigtir,

TABLO:4 DIZAYN KESIT TESIRLERI VE DONATILAR

EL. NO KESIT TESIRLERI DONATILAR
M My N Mevcut Gerekli
tm tm ton cm? cm?

DI 4.52 16.91 78.19 30.41 50.40
D2 4.82 16.46 68.85 30.41 50.01
D3 4.88 10,14 74.33 30.41 48.67
Dda - 8.25 18.96 148.2] 30.41 95.61
D4ii 4.95 12.69 79.96 30.41 38.56
D3 8.25 18.36 12415 30.41 86.59
Al 345 16.92 77.52 30.41 41.48
A2 3.72 16.46 69.71 3041 42.19

Tabloda verilen kesit tesirleri altinda Bresler yontemi kullantlarak kolonlarin
tagima giicleri tahkik edilmistir] 12| . Yaptlan tabkiklerde hasarli kolonlarda kesit

tagima giiclcrinin agildigy gorislmiistiir,

SONUC

I. Kolonlardaki hasar, kullanifan donatilarin. yeterli olmamasi, ve uygulamadaki
imalat hatalarmdan kaynaklannustir.

2. Yukarida belirtilen hatalara ragmen. yapr, siinck davranist ile bityiik oranda deprem
enegjisini titketmigtir. Hesaplarda dikkate alinmayan dolgu duvarlarin yapr dayanim
ve rijitligini artirmasiyla. kolon tagima giclerinin asilmasina karsin ¢6kme olayi
engellenmigtir] 1311 14].115].

3. Kesit tesirlerinin daha biiyiik oldugu kolon alt mesncti yerine. hasarin iist diigiim

noktalarinda meydana gelmesi. bu bdlgelerde imalat gi¢liigi dolayisiyle uygulama
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hatalarinin daha fazla yapilmast vc  all diigiim noktalarmda bulunan baglanu
filizlerinin hasar bolgelerinde bulunmamasindandir.

4. Hasarin sadece D aksi kolonlarinda meydana gelmesi. merdiven kovasiin bu akst A
aksindan daha rijit halc getircrek, D aks kolonlarin ikinci dogrultuda daha fazla
deprem kuvvetlerini gekmesinden kaynaklanmustir.

5. Yaptmn deprem dizayminda. 1968 Deprem  Yonctmelipi kosuilanmn yeterhi
olmadii anlaginustir. 1975 Deprem Yonctmeligi uygulanmig o!say'cll. yvapida donati
zaafiyetleri giderilis. yapinin dayanim ve diktilitesi artinig olacagdan yapi depremi
hasarsiz atlatnus olacakt.

6. Merdiven plaklarinim dinamik hesaplar iizerindeki ctkisinin ihmat edilebilir diizeyde
olmasina rafmen. kesit tesirleri iizerindeki ctkilerinin ihmal edilemiyecck boyutia
oldugu anlagilnusur.

7. Mcrdiven kovasindaki deprem hasarlarint 6nlemek icin. merdiven sahanhk ve riht
plaklarinin iki yanina diisey perdelerin yapilmast gerckmektedir,

8. Normalizc Edilmis Tasariin Spektrum Egrilerinin, belli bir bc’)lgé katsayisi ile sadece
bir yonde dikkate alinmast yeterli degildir. O bélgede meydana gelmis geemis deprem
kayitarida dikkalc alinarak diger yonlerde de deprem ctkilerinin - dikkate alinmalar

gerckmektedir.
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