See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/290461788

Tsunami Waves in Izmit Bay

Article in Earthquake Spectra - December 2000

DOI: 10.1193/1.1586146

CITATIONS
14

15 authors, including:

Ahmet Cevdet Yalciner
=~ Middle East Technical University
196 PUBLICATIONS 1,661 CITATIONS

SEE PROFILE

Costas E. Synolakis
" University of Southern California

292 PUBLICATIONS 8,094 CITATIONS

SEE PROFILE SEE PROFILE
Some of the authors of this publication are also working on these related projects:
Project Seafloor morphology and structural properties of the coastal area between Tekirdag and Sarkoy and tsunami risk analysis View project

Project NearToWarn View project

All content following this page was uploaded by Siikrii Ersoy on 10 January 2017.

The user has requested enhancement of the downloaded file.

READS
76

Yildiz Altinok
Istanbul University
64 PUBLICATIONS 754 CITATIONS

SEE PROFILE

Jose C Borrero
University of Southern California

148 PUBLICATIONS 2,667 CITATIONS

ResearchGate


https://www.researchgate.net/publication/290461788_Tsunami_Waves_in_Izmit_Bay?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/290461788_Tsunami_Waves_in_Izmit_Bay?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Seafloor-morphology-and-structural-properties-of-the-coastal-area-between-Tekirdag-and-Sarkoey-and-tsunami-risk-analysis?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/NearToWarn?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ahmet_Yalciner?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ahmet_Yalciner?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Middle_East_Technical_University?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Ahmet_Yalciner?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yildiz_Altinok?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yildiz_Altinok?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Istanbul_University?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Yildiz_Altinok?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Costas_Synolakis?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Costas_Synolakis?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Southern_California?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Costas_Synolakis?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jose_Borrero2?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jose_Borrero2?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University_of_Southern_California?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Jose_Borrero2?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Suekrue_Ersoy?enrichId=rgreq-04b4579d5d12a385e2d24787c4cf1788-XXX&enrichSource=Y292ZXJQYWdlOzI5MDQ2MTc4ODtBUzo0NDg5NDQ4Mzc3OTU4NDBAMTQ4NDA0ODE5ODEwMQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf

SPECTRA

The Professional Journal of the Earthquake Engineering Research Institute

SUPPLEMENT A TO VOLUME 16

Kocaeli, Turkey, Earthquake
of August 17, 1999
Reconnaissance Report

TECHNICAL EDITORS
T. Leslie Youd
Jean-Pierre Bardet
Jonathan D. Bray

This report was sponsored by
the Earthquake Engineering Research Institute,
the National Science Foundation, and
the Federal Emergency Management Agency

Publication Number 2000-03

EY




EARTHQUAKE SPECTRA

The Professional Journal of the Earthquake Engineering Rescarch Institute

CONTENTS

% Seismicity, Fault Rupture, and Tsunami

Chapter 1: Geology and SeismiCity ..............cocooviveviveooeooeeocoeeeeoeeee oo 1
TAETOAUCTION ...ttt et s e s s 1
TECTONIC SEEHIE .......tieecriiei et ettt et eeee e 2
Seismological SEHING ......co.ooi et 3
Fault Rupture MechaniSIm .........c..voeiiiemie e st ses s 4
Regional Geology Along the North Anatolian Fault .........co.ooooiiooioo e 6
Quaternary Geology of the Kocaeli Rupture Zone............coo..veeeeeecicoosroooeo oo 7
RELETENCES ...ttt e 8
Chapter CONITIBULOLS ...t et 9

Chapter 2: Surface Fault RUPLUIe ... 11
INtrodUCTION ... e et et 11
Surface Fault RUDTUIE ...oovoviriivecieeee e 11

Rupture Length and DISplacemment ..........ooo.vueviueercooeeiieee e eeeeeoeeesev e 11
Rupture MOrpholOZy ........ocoviiiiiii ittt es e 15
Rupture WIdth Lot 16
ATEETSIIP ..ottt ettt en e 18
Fault Segments and Pull-Apart Basifts .........cooovceruviriunieiueree oo eees oo eeee e 18
Karamiirsel Pull-Apart BASIN ..o e 23
GOlciik Pull-Apart BasiIl ......cceeieeieiceeeci ettt eeeeeees e n e 23
Sapanca Pull-Apart Basin ..ot 25
AKYAZE STEPOVEL ...ttt ettt ettt ee e 25
Eften Lake StEPOVET ..ottt 26
Puil-Apart Basin COMPATiSON ..........coooiviimuiririrrisereceeceeeee oo eeeesereos 20
Theoretical Modeling of Pull-Apart Rupture Dynamics ............cc.oocoevoroorreeereen, 26
Effects of Surface Fault Rupture on Engineered Structures, Facilities, and Lifclines ....... 28
Effects of Surface Fault Rupture on Buildings and Structures ............ccoocvveeevevvnn., 31
Effects of Surface Fault Rupture on Lifelifes .....ooooiv oo 44
Summary and COnCIUSIONS .......o.iveiuiei oo et 48
ACKNOWIEAZMENS ...ttt e, 51
REICICIICES ... oottt ettt eee e 52
Chapter CORITDULOLS ..ot ettt st e e e eeeee e oo 53

Chapter 3: Tsunami Waves in Izmit Bay ... 55
INEFOAUCTION ..ottt e e et eee s eeres s eere oo 55
Evidence of Tsunami Triggered by the Kocaeli Earthquake ............ocoovooreiveeveeeere, 55

Results Of FIeld SUIVEYS ..oovoeiuieieieeeee et ettt ee e 55
Abnormal Sea Level Changes as Reported by Seamen ............ocooooveoveeveieer 59

iiit



Histcrical Tsunamis in the Sea of MAarmara oo, 60

Summary and CONCIUSION ..ottt ettt e e et e see e 61
ACKNOWIEAZIMEIIES ... ettt 61
REFEIENCES .ot ettt et ettt e e ettt es et e 61
Chapter CONIIDULONS ...ttt ee et et eeene e 62

<% Ground Motions

Chapter 4: Strong Ground Motions and Site Effects ... 65
INTEOAUCTION ...oiiiiii v e et ettt 65
Regional GROLOEY .. ettt ettt et eene e 65

IZMIt By oot 69
Adapazart BaSII ......oiiii et 69
IMIZEE BASIN Lvviviiiiiriiiriisiiii ittt be bbbttt et es e s eme et et e te et e eeeeae e e e e 69
Aveilar . ettt ee e et et et e Ao b e e Rt et s At e bt aae b e st ee e et eebes b e be et erberberae bt eans 69
Observed Ground MOtOMS ..ottt ettt e e aanae 70
Recording Stations and Record Processing ......oooovici oo 70
Attenuation Relationships for Acceleration .........cocoeeiiiniiiineccecve e 70
Near-Fault Ground MOtions .....ocooi ettt 72
Other Ground-Motion Parameters ........cocveoiivieioieie et 78
St EEFECIS Lottt et 81
DAmMage PALIEITIS 1.uiviviteee ittt eb et aer e e eb e 85
AdAPAZATT Lottt 85
Gélelik, Degirmendere, and Karamuirsel ..o g7
Izmit and North Shore of Izmit Bay ..ot 88
YAIOVE (it ettt et e e r et ettt en e 88
DIIZOE ettt et ettt et ettt ettt s eae b s ene b st ran e 92
AVCILAL oot a5
SUITIITIALY 1ottt etttk bbbttt bt st e be o2 s e 41 e et eboam st es e ese et e e s s e se s eseenaesereseasemtenseseessanssennes 95
RETBIBIICES ..ottt e et et eb et sttt bt et eanes i 95
ACKNOWICAZINENS ..vviiiit vttt ettt e et ee et et e et s et en e eee e eseseeseseaene e 96
Chapler COMITIULOTS ....oioiitietiiriiee st eieetieser s ere e sse s e ntsess s s esesae et tessssessesesssee e eeeeeeeaenerea 96

Chapter 5: Recorded Main Shock and Aftershock Motions .............cccccoocvoe.. 97
DIVETVIEW Lottt ettt et e et e oees s ek 2 e e e 52 1scae et es e estas s et eteeeesses st e seesaeseeseneeneaens 97
Main Shock RECOrdS . ..o e s st 97

RESPONSE SPECITA ...eiiiiiieic ettt ettt e ettt e en e ee e re s 99
3D RESPONSE SPECIIA .vviiriitiiiieitei e att et a s st b e s e et ee bt oot s e eerenaa 105
P-A ReSPONSE SPECITA .o.ecuiieiiiiie et et et e sa e 105
ATtershock ReCOrdS ..o e 106
AJADATATT oottt et erereaa 109
AVCIAT 11ttt ettt e et b et bttt ettt ae s 110
DIIOVEST ottt et 111
KOTTRZ 1o ettt et et ettt ettt 111
RETETEIICES oo ettt ettt 112
Chapter COMTIDULOTS ..ottt ettt ettt ee et ee s e b bt 112

Chapter 6: Implications for Seismic Hazard Analysis ..., 113
INEFOAUCTION ...ttt bt eb ettt es ettt ee e e e 113
Station CharacteriSHES ..o..oovieie ettt ettt ee e enees 113

Engineering Characteristics ..ot et 121



Comparison of Fault-Normal and Fault-Parallel Components ... 121

Directivity of Fault RUPIUIE ..o s 123
Comparison of Intensity Parameters on Rock and Soil Sites ..o 123
Comparison of Ground Motion Intensities from the Two Earthquakes ................... 126
Peak Acceleration at ROCK Sites . ...ooieiiii i 126
Discussion of Specific RECOrds ... 128
Polarity of the Strong Motion Records ... 128
Timing Issue for the Strong Motion Records ... 128
GOBIZE oottt et et b bbb 129
SAKATYA .ottt ettt e oo ee et b L b et e 130
30V 11Vt OO SO SO OO O SO TV SUSPIOPIRTS TSRSV PRI 130
RETETEIICES ...oevoiieieiees st eeeeaee e ee et s e es s 1o e e m e e oaseems e eaae s be s bt asb e e en s E e 134
Appendix 6.1. Proposed timing of the accelerograms at Gebze,
Yarimea, Izmit, and Sakarya. ......ocovceevereooni e 136
ACKNOWIEAGIMENTS ...ttt s 137
Chapter CONIIDULOTS -...v.vierer ettt ab s s 137

< Ground Failure and Geotechnical Effects

Chapter 7: Soil Liquefaction, Landslides, and Subsidences...................... 141
[ RaEa guT ATt (o) s RUUOUUU OO OO U SO U OV TOUPUO PP ORPRORP PR 141
Coastal Subsidences and INURAATION L.....ocoiriiiiri et 143
Coastal Failures and Liquefaction ... 145
Full Coastal Stability Failures ... 145

Liquefaction and Lateral Spreading at the Bay of Tzmit ... 148
Liquefaction and Lateral Spreading at Lake Sapanca ..., 153
Hotel Sapanca and the South Lake Shoreling ... 153
BSITIE vt ettt ettt e et e e e et e e ez eeee e e ebae et e an e ee s be s e b e e s se st e s san e er e e e r e st s s e ern s 156
Cases of Liquefaction and Lateral Spreading Inland, away
FrOm SHOTELITIES L et bbb s 158
Inland Landsldes ... ..ot b 159
Ground Movements and Landslides Between Akyazi and Golyaka ...l 159
SUIMIMIALY 1.t ev et eme e e eee et s e se e e s s e n e e s R s 161
RETETEIICES oo oov oot et ettt ettt bt e s e e e oo ab et e e e 161
Chapter CONITIBULOS «...oiitie e oot et sttt st 162

Chapter 8: Damage Patterns and Foundation Performance in Adapazari.. 163
TATOQUCTIOIL v eeeevees e eeeee e eteebeesaseaeeas e eme et se s er e s m e eeemce oo b os s asbanassa b et s bbb e 163
The City 0F AJAPAZATT ..o oot e 163
Subsurface Characteristics of AdapaZar .......oocoov i 165
Historical Seismicity of ADAPAZATT .......ciiiiriiirire et 168
Overview of Damage from the 1999 Kocaeli Earthquake ... 169
Line Surveys of Siructure and Foundation Performance ... 173

Mapping Procediire ......ooeviieciiee it 173
Survey Results: E-W Lines 1-3 .o 176
Survey Results: N-S LIne 4 ...c..ocoiiniiiiii s 176
Correlation Between Structural and Foundation Performance ... 178
Representative Cases of Shallow Foundation Performance ... 179
TS 1 =)= | AT OO OO USSP UTRRTPOYPPRPPPPP PRI 179
BUilding SELtIEIMENT «...c.evevieiiriceeieticsise st 179



Bearing Fatlul ... iriairin s st et sabe s st s beaabseeibeesae o 181

Lateral MOVEMIENE ..ottt 185
Pile-Supported Bulldings ... 186
COMCIUSIONS Loieteeitiie ettt ettt et ettt e et s te et st e et e st e ee st et e e s e nesnneeane e 186
RETEIENCES ..iuiiiiiiie et e b ettt 187
ACKNOWIBAZIMENTS ..ottt b et ee e 188
Chapter COntIIBULOTS ......ooviiiirceeirierte s ettt sae e e s eneessese s ens e 189
Chapter 9: Performance of Improved Ground and Earth Structures......... 191
INTFOQUCTION Liviiiiiitie ettt es et ebe bbb e bbbt ebe b et e e oesnese st e emeene e 191
Carrefour ShopPIng Center. .. .ot ee b e st e sssresetea s beren 197
General Site Information and Soil Conditions ..o, 198
Foundation System and Soil Improvement ... 200

Lot CATea oo FE TSSOSO TRV P OTUUTON 201
Observed Field Perfonmance During Earthquake Loading .........ccccooeov i, 201
Ipekkagit TissUe FACIOrY ..ot 202
General Site Information and Soil Conditions ... 203
Foundation System and Soil Improvement ..o 203
PM3 BUIIAINE ..ot 205
Observed Field Performance During Earthquake Loading .........cccooovvviciviiincnennn. 207
FOTA PLANT Lottt ettt ettt et e st e et anan 208
General Site Information and Soil Conditions ...c.ccoevveririicniie e, 208
Foundation System and Soil Improvement ............oooueoirieiiiis i 208
Observed Field Performance During Earthquake Loading ............ooocociinninn, 211
Gemlik Borcelik Steel Mill ..o 213
General Site Information and Soil Conditions .......cccoccoecieiiiiiiee e, 213
Foundation System and Soil IMProvVement ....c.o.cieeirnieierienrereeesieeresenieere e 215
Observed Field Performance During Earthquake Loading ..o 217
Arifiye Bridge Reinforced Earth Walls ... 218
General Site Information and Soil Conditions ..., 218
Observed Field Performance During Earthquake Loading ... .. 220
GOKEE DIAIM L.ttt b b bbbt s teneean 222
Kirazdere Dam ......cc..ocooiiiviiii ettt ettt ees 223
CONCIUSIONS ..ttt ettt et s ettt bess e es bbb 224
RE@IEICES ...viniicit e et 224
Chapter ContrIDULOLS ......oiiiieeie et e e eae e 225
Chapter 10: Effects on Dams ... 227
INTPOQUCTION ..ottt ettt s b bbb bbb bt e bt e ae b et et ean e 227
Behavior 0f Dams ..ottt s ens 228
GOKCE DA L1ttt 228
Kirazdere (Yuvacik) Dam ... et 230
Hasanlar DAIM ..o s 232
CONCIUSIONS ..ottt er e e s eraen e e e se b e b eae et e s s esb et et sesassarsnas 233
ACKDOWICAZIMENTS ..o 233
Chapter CONITIBULOTS ...cooiviiiiie et ettt e ee e e e et e et a e 234

vi



% Structures and Industrial Facilitics

Chapter 11: Performance of Buildings ... 237
TOETOTUCTIONE et ettt etieetes etees e e st are e e s e re e nee e s e em e emmabaebaeeanaasaabe b e na e st sin e 237
Building Construction in the Region ... 238
Codes and SEISIMIC ZLOMES ...ooviivieuieieiiereere et st e e s eae et e ebcaa et ea e ee e e 240
PerfOrmMance SEATISHICS ......ooviireseeereerimeaeereeereeierereeosieseeo oo oo eesaer s e b et e e st aiee e eanie e 247
BUIlding DAamage .....ooovovi oot eoeie et a s e 249

Reinforced Concrete Buildings ..ooovovo oo 249
Precast Concrete BUuildings ....voovveoeioiiiceiiiie e 270
Stee]l BULLAINZS ©1oveeeereee ettt 273
MasonTy Buildings ....ccoovo oo 276
Adobe BUIldINGS ...ovove et 276
WOOd BUIIAIIES ... ooiiiasveeceirie ettt ese s s ot e 276
DHSCUSSTION ettt eeee e eee et seeaasesesseseseeee sk eme e e reee s eb e e s e A s 414 PR 2 eSS n e bt 278
RETETEIICES ..oiivveiesiseteee et e e e e e e eeeeeeee s ees e e aee e et eeseimsentanaebb e nebe e e e es e e e oe s e e e e e e st r e 279
Chapter CONLIIBUIOLS ..ot e 279

Chapter 12: Damage Survey Approach to
Estimating Insurance LOSSes ... 281
TIUETOQUCLIOTE «.vveetevtteeraerresreeeseeemeeseessessseessamsas e ars e sme s e emceeb s ea b s s ae s aesaesse e ee e ss b e m e ne et sn s 281
Estimating Shaking Intensities by Quantitative Surveys of Building Damage ................ 282

Mapping the Kocaeli Earthquake FOOPIINT ..vvvveiocnniiciice 282
Understanding the Beskol ..o 283
Conducting the Rapid Damage SUIVEY ..o 283
Mapping the TNENSITIES .o.evv v 285
Vatuing Insured EXPOSULES .....c.ooviiiiiiiiiiiieic i 285
Surveying Exposures to Determine Average Loss Levels ... 288
Generating a Preliminary Loss EStMAte ... 289
Implications and Lessons Learned ... 289
Update on Losses and Implications for the Turkish Insurance Market.................... 289
Loss Estimation Lessons Learned .....c.ooveviinii s 290
Lessons for Global Insurance Markets ..ccooovieonieneneirionr e 291
RETEICILCES +voveeeeeeeeee et ee et et esteseee e e s es s e e et ot eh et s eaeae e e se oo et ene s ebean e e e e 292
ACKNOWIEUEIMENIES ... ottt ittt e ec e et et eb s E bbb 292
AUthors and CONtTTBUIOLS ..veree e ieeeere e reee e eee e e iir e sttt e 203

Chapter 13: Performance of Waterfront Structures ... 295
TOUEFOTUCTION oo ece e e e st st r e e et em et s e o os s m s E e bttt 295
Performance of Individual Ports and PIers ... 296

POIE OF IIETINCE weverveeee oot te et et eeesee e e cenamssaeabssaess et e s s am e s b s e 296
Pethiim FaCTIIEES c.oooviveieeiviesieeieeeeeseses e recsissme oo smnse b be s e e s em e e 301
Government PETCIEUIM L......oviiiiie it 302
Shell Oil and Trans TUIK .....cocoovivieeeeeeeir i s 303
SeCa PAPET ML ..ottt 304
PUBLC Maring at TZITH ......oooiieiiereiieeeeee e eeesiseeereaesosmsis e ss e e sbess s e s s 304
Fursan and UM Tersanesi Shipyards ... 303
GOLCTE NAVAL BASE oot eeteeeeeeeereee e teetabe s e e et s esesae et e sra b esas oo s e s 305

vii



Igsas Fertilizer and Tupras Ol Refinery ... 307

Rota Cement and Marmary Shipvard ..o 308
TUZIA POIT ettt s e s e nee s 308
Haydarasa POt ...ttt 308
Chapter COmIIULOIS ..o bbb s bebs 310
Chapter 14: Industrial Facilities ... 311
Petrochemical TNdustry ..o e 311
TUPTras RELINETY ...oouiiie ettt et e 312
Igsas Fertiizer PLant ... e s e 319
Petkim Petrochemical PLANT .......ocoooiiiiie et 321
British Petrol@Um .......vcviiiiieeis et 324
Other LPG PIANLS ..ottt et aa s 325
Automotive Industry.................. O UR 326
Hyundai Car FACIOTY ... oottt 326
TOVOLE Car FACLOTY ..o vevieieee et e ettt e 326

FOId Car FACIOIY ..oooveiiieie ettt cee ettt ria et eete e e e st e astae e srrestae s s aeesrasaesnreen 327
PITILE TAI®S ettt a et e e st bt e e eanbe e imaneas 327
Goodyear Tire PINT ..o e 329
BriSA TIre PIANT ...ttt stae e et et annas 329
OIS A et e e bbb e s bt b e b st e et s 329
DS A e et ettt e e e et 329
BRETIISA Lo e e e 331
B S A ettt ettt ae et et een e 332
Other Heavy INAUSITY ..oooii e ae e na e aeeea e ema e sree smessbeesieesnas 332
INUH Cement PIANE ..c..ooiiii ettt et ettt et s m e s e ae s 332
Mannesmann Boru Steel Pipe Factory ..oooovv i 334
SEKA Paper Mill.....coooiiiiiici ettt e ie b b e e e vs i 337
Pakmaya Food Processing PIant ... 340
Philips Incandescent Bulb Factory ........ccccvviviiiiiice e 340
Bastas Fluorescent Bulb FActory ......cocooveiiiioeii e, 343
Habas Liquefied Gas PLant ... e e 344

Citi Manufacturing PIant .........ocoeioiiiiie sttt et 345
Toprak llic Pharmaceutical PIant ..ot 346
Toprak Saglik Paper Products Plant ... e 347
Camlica SOt DIINK ..o ettt 347

Cap TeXHLE oot 348
INUH BELOM ..ottt re et sv i er ettt sab e eae e e b ess e ebe e sseeesessbeasaas 349
SUITITIATY .o ettt ettt eaa e ettt eseeame e e seaneeenseemeeeseesemnemreesanennas 350
Chapter COMtrIBULOTS ... e e 350

Chapter 15: Building Code Enforcement Prospects:

The Failure of Public POLCY .....cococooiieececeevee e 351
INTFOAUCTION Lottt ettt ettt sttt ee et eb ekt eeteb et srnte st eae e 351
Building Code Provisions for Earthquake Resistance Before 1975 ..., 352
The TO75 COUE oottt et er et e 354
The T998 €O ..ovieiiieei ettt e e e e e eebeser e stetaeant e srnentbeesrsans 356
PIANNING TSSUES ..ot e et 358
ENTOTCEMENt PrOSPECIS 1viviviiivivivieviseirn e et vsrs s snssbesrass e sne s rrsssssessssnessrsvenssssssssnns 360
Summary: Deficiencies of Building Construction SUpervision ........cccccveevivverivveeiuneeenee. 362
The Proposed System; Basic Objectives and ToolS......cooervieeeniieiiicceee e 363

vii



Proposed Planning SyStem .....cociviiiiinine e e 364

Building Construction Supervision SYSICI .evee v ireeeens oo e 365
Institutional Strengthening at the Municipal Level ... 366
CONCIUSIONS 1. eeieie ettt ettt o v b s e e e ea e et e s et es et e s ab e s bse e e s e s 367
RETEIEICES oottt et oottt 367
Chapter COMTIBUIOT ..o oottt ee e et es e sa et bt a e 367
Appendix I5.1 s 368

% Lifelines
Chapter 16: Water, Gas, Electric Power, and

Telecommunications Performance ... 377
INEFOAUCHION .ooiiiiie ittt et e ettt e oo es e b st e at s st en e e e en e s n s eae e 377
VALEE SUPPLY 1vetitiereieree ettt st bt et et e e s h s e ebe e e 377
ABPATZAIT ..o e et s 378
IZMit WatEr PIOJECE v it ettt e e s 382
Yalova-GOICUK SYSIEITI ...oooiiieieiireire e eer et 382
Lessons Learned ..ot 383
Gas Delivery SySteITIS ...ooo e e ettt e s e 384
Lessons LEearned ... ...oooviorieveie e eeeee et ete i ettt e et s s e e ne 386
Electrical POWEr SYSEIN ...ooiiiiiieeie ittt st s 386
Damage to Power Generation ... ieiiiciiniiiiins s 387
Transmission System Damage .......oooeiiiiiiimiiie e 388
Recovery of the National Electric Transmission System ..o, 392
Damage and Restoration of Electric Distribution ... 393
Lessons Leamed . . i e 394
TelECOMMUDICATIONS .....ocoiiieiietie ettt et e e e s e e e cra e st ot s st b e et s e ren e ene oo 396
Failure MOAEs .....ooiiii ettt s 398
Lessons Leamed ..o e e 398
Concluding Remarks ... 401
| SGT (S (= s oL T OO SO O PP OT PO OO P PP T OO PSSP SOTPRPRPRN 401
ACKNOWIEAZMENLS .1vi etttk 401
Chapter COMIIBULOTS 1.vive.cieeeeeeeeierecec et et eeemesesiss s ses s s s e 402
Chapter 17: Performance of Transportation Systems
After the 1999 Kocaeli Earthquake ... 403
OVEIVIEW ©oovveivieiiie e eteeet e e e e ee e ees e e et et eete kb et amt et e ses e st e e e meeesea e e s sman st e et s e eeeaaenas e s es 403
RAIITOAAS ..oeveceee ettt et s s e e e e e e e et e ke bt 403
Performance of Railway Tracks, Bridges, and Tunnels ... 404
Emergency Response and Recovery of the Railroads ... 407
Lessons Learned and Recommendations tor the Railroads ... 408
FaN D g 10 5 U OO O U PIU P PRUPUTRTR 408
Earthquake Performance of ATTPOTES ... 408
Observations and Recommendations for AITPOTtS ... 409
Highways OPEratiOns . ...oocoeevereeriirieie it es sesnsisierirs e se s st en e ss st 409
Performance of Highways Operations ........ccovovoioiiiiiniincneccce s 409
Recommendations for HIghways ..o 409
ACKNOWIEAEIMEITS ...oiiii ottt e 409
AUthors and REVIEWETS ......ooi it et s 410



Chapter 18: Impact on Highway Structures ..., 411

OIVEIVIEW ..ottt et e et e e e s e e e e e besn et s et aabesrenes 411
Typical Bridge Design in TUrKeY ...coooiiic e s 412
STHCTUA] COLAPSES .ovi it ettt e e a s e, 413
Arifiye Road Overcrossing Bridge ... 413
Collapsed “Local Bridge” near Arifiye .....c.oooovvivieiieiiirie e 413
Alkyazi Toll Plaza: Canopy Collapse oo 413
Severe Damage to Other Toll P1azas ... 416
Moderate Structural DEMAZE ....ccocoviiiii e b 416
TEM Sakarya RIVer VIAdUucCt ..o e 418
TEM Bridge East of Arifiye Road Overcrossing ... oioiiiiiiiiieee, 418
D-T00 Bridges ..o s 419
TEM Roadway and Embankment Damage ..........c.ocoooiiiiiiiiiiiee e 419
Minor Damage and Undamaged Brid@es ......ccoovveiiierieeieeieeieiieieieie e 422
TEM Bolu Tunnel and VIaducts .......ocoiiiii e 432
Bolu TUNNEL ..o s 432
BoTu VIAdUETS ..o e 433
Lessons for Highway Designers from the Kocaeli Earthquake.............ccocoviiiiiinan. 434
ACKNOWIBAZMEIIS ..ottt 435
AUTROTS Lo bbbt b st et eab b e et e s st et et e seeae et e en et anenee e eseas 435

% Societal Impacts

Chapter 19: Emergency Response and Societal Impacts ... 439
INTTOAUOTION .ot et e s e er st e e st st eeeseennas 439
Emergency REeSPOMSE .. ..ottt 440

Search and ResCUe ... 440
Emergency RESPOISE o.ooiiiieiii ettt 442
PUDLIC SEIVICES .ottt 442
Media RESPOIISE ...oueiiitiieiie ettt ettt 443
Predictions and Warming ..o it 445
Lifeline Disruption and RESPOIISE ........ooooiiiiii e 445
Damage ASSCSSINICIIT ..i.uuiiiiiie ittt et 446
S0CIetal IMPACES ..oooiiieii e e e 447
Casualties and INJUITES ...t 447
Mental Health SEIVICES ...oviiiiiiaieieiiieccei ettt e 447
Displaced PEISONS .....c.coiiiiiiiiicec ettt 447
Economic and Social Effects .o, 450
Conclusions and Recommendations for Further Research ... 450
ACKNOWICAEIMENTS ... 451
RELETEICES .o b e et 452
Chapter AUTHOT ..ottt ettt 452
Appendix 19.1. Preliminary Turkish Press Coverage of the Earthquake ......................... 453
Appendix 19.2 International Print Media Coverage for August and September 1999 ..... 456



Section 1

Seismicity, Fault Rupture,
and Tsunami

% Geology and Seismicity

% Surface Fault Rupture

-

¢ Tsunami Waves in Izmit Bay

November 12!999/_:)_ o - [
\Pigusnnggg el Lt
Istanby _ damh N 4":’\,1_7__/_,—&‘J/
= Tog.
z Ry

-, ] -
T~ - ’ANATOLIAN

kL
= J ~. \ B ///
- -
g = ‘\\_\, /
[ 2 A y




EARTHQUAKE SPECTRA

The Professional Journal of the Earthquake Engineering Research Institute

Chapter 3: Tsunami Waves in Izmit Bay ............ccccoocriiiiiiccccccecceeeee s 55
INETOAUCLION ...oniiiiiiiiiiete ettt ettt b et st e e 55
Evidence of Tsunami Triggered by the Kocaeli Earthquake ...........cccccoevveviiiieciiiieniennnnnn. 55

ReSults OF FIeld SUIVEYS ...ecviiiieiieiiciieieeiettetee ettt sttt beesa s eneas 55
Abnormal Sea Level Changes as Reported by Seamen ...........cccoccevieiiiieiincnnenee. 59
Historical Tsunamis in the Sea of Marmara ............ccocceeeeieieieinininineeeeeeeceeeees 60
Summary and CONCIUSION .........cveviriieieriieieie et eteie et ereeeebe st esbessaessesseesseeseessesseessenns 61
ACKNOWISAZIMENLS .....eoivieiiieeieeiieie ettt ettt e et e e st e ssaeenseeseessneenneenns 61
RELETEICES ..ottt ettt be b b nee 61

Chapter CONLIIDULOTS .......c.eeiiiiieieiiieiesie et ete e et esteeeaesseettessesssesesssessesssessesssessenseessenses 62



55

3 Tsunami Waves in Izmit Bay

INTRODUCTION
Following the Kocaeli earthquake of August 17, 1999, unusual water wave motions affected
the coastline of Izmit Bay. The effects of these water waves were systematically documented by
field surveys a few days after the earthquake, within the limited time window available for finding
and interpreting the watermarks from small tsunamis in densely populated coastlines. Here, the
results of the tsunami field surveys after the Kocaeli earthquake are summarized, and historical
tsunamis in the region are briefly reviewed.

EVIDENCE OF TSUNAMI TRIGGERED BY THE KOCAELI EARTHQUAKE

Tsunamis are long water waves generated by geophysical events of the seafloor, landslides,
volcanoes, and asteroid impacts (Prager et al. 1999). The understanding of tsunami generation
mechanisms remains an unresolved scientific problem. Even when seafloor bathymetry is
measured following an earthquake, the bathymetry prior to the event is seldom known with enough
resolution to infer the actual seafloor displacement that triggered tsunamis. Geophysicists rely on
field survey data of inundation heights and inland penetration distances and on eyewitness
observations about the characteristics of the leading wave (Tadepalli and Synolakis 1994 and 1996)
and arrival times for attempting to identify the source motion.

In the days following the Kocaeli earthquake, contemporaneous press accounts described
extensive flooding of coastlines of Izmit Bay but made no mention of tsunamis. Given the
predominantly strike-slip nature of the fault rupture system, there was an urgent need to determine
whether a tsunami was generated or whether the flooding was attributable solely to tectonic
subsidence. Four separate surveys were performed in the affected area around Izmit Bay and the
Sea of Marmara. The first took place between August 22 and August 30, 1999, and was followed
by three more in September and October 1999.

RESULTS OF FIELD SURVEYS

Tsunami run-up measurements were taken using watermarks and seaborne debris (see figurd3.1]).
Run-up refers to the elevation difference between the most inland penetration point of the wave and
the shoreline, at the time of the event (Synolakis et al. 1995; Kawata et al. 1999). When it is
impossible to measure run-up directly, the elevation difference between watermarks and the
shoreline is used as a substitute. The two are seldom identical, and the former is usually smaller
than the latter. During the Kocaeli field survey, more than one hundred eyewitnesses were
interviewed. The surveys were performed at the locations shown in figure[3.2 and listed in table[3.1]
(Altinok et al. 1999). Overall the tsunami damage was small but quite extensive in area.

As shown in figure 3.2, along the northern coast of Izmit Bay, in the central basin between
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Figure 3.1. The
tsunami wave left
behind seaborne
debris (seaweed)
hanging on the
staircase railing
at Kirazliyali
(location 8 in
figure 3.2).

i ¥4 o 11 J12 J1a

notthern coast

¥ eneia ! rend of ryy, g
11 ] 1 southern coast

30 23 242322

Figure 3.2. Bathymetry of Izmit Bay, locations of tsunami field surveys,
and measured values of run-up heights (Altinok et al. 1999).
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Table 3.1. Data compiled from eyewitness accounts and interpreted measurements of
run-up heights, inundation, and receding distances of the tsunami after the
Kocaeli Earthquake (Altinok et. al. 1999; and Yalciner et. al. 1999).

Note: * refers to the inundation distance due to coastal subsidence.

Inundation Receding
No Locality Run-up (m) Distance (m) Distance (m)
2 Darica 1+ 4
3 Eskihisar 1+ 15
4 Dilovast 2
5 Tavsancilar 1.5 25,30
6 Hereke 1.80 30
7 Sirinyali 1,25 15
8 Kirazliyal 2.5
9 Yarimca 2.5 35, 60 15,20
10 Korfez 2.5 100 15
11 Tiipras 2.5
12 Derince Port 2-2.5
13 Cene Suyu 2 60 80
14 Izmit, Marina 25 40
17 Seymen 50 2
19 Kavaklh 300%*
20 Golcuk
21 Degirmendere 2.5 35 150
22 Halidere 0.8 60 15
23 Ulasli 2 5+
24 | Eregli (Giizelyali) 1.25 4 15
25 Defne Mahallesi L.5 4
26 Karamiirsel 1.25
27 Kaytazdere 15
28 Hersek 30+
29 Havuzdere
30 Topgular 1+
35 | Offshore Topgular
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Hereke and Tupras industrial plant, the tsunami had the form of a leading depression wave. These
waves, which were first described by Tadepalli and Synolakis (1994 and 1995), caused transient
exposure of the seafloor near the shoreline. It is now common knowledge that most near-shore
tsunamis manifest themselves as leading depression waves, also referred to as LDNs. The run-up
heights ranged from 1.5 to 2.6 meters and decreased to high-water levels within 4 km east of Tupras
and 10 km west of Hereke. The first wave arrived along the north coast a few minutes after the
earthquake and had a period of about one minute. The sea withdrew during the earthquake in the
port at Tavsancilar, and the elevation wave that followed flooded up to 25 meters inland and
invaded the first floor of houses (see location[3lin figure 3.2). Henceforth the location numbers refer
to the vertical bars in figure 3.2.

The hardest hit areas were Sirinyali, Kirazliyali, Yarimca, Korfez, and Tupras (locations 7 to
11). The basements of waterfront apartments were flooded, and the sea rose to the second floor of
some houses near Kirazliyali. The wave carried mussels into houses and damaged doors and
windows. Atthe Yarimca Yachting Club (location 9), the sea first receded 15 to 20 meters, and the
following elevation wave lifted up a motor yacht and moved it 50 meters inland. A second wave
inundated the same shore to 30 meters inland. At Korfez, the inundation distance ranged up to 35
meters. There were clear watermarks on the wall of the police station in Hereke (location 6) and
at the Denizkosku restaurant in Korfez. Eyewitnesses reported that the wave arrived at Kirazliyali
from the southeast and at Korfez from the south. At the [zmit Marina (location 14), the sea receded
about 40 meters. At Seymen (location 17), the waves were observed to come from the northwest.

Between Degirmendere and Giizelyali, run-up heights were measured in the range 0f 0.8 to 2.5
meters and decreased to high-water levels within 6 km east of Golciik and 10 km west of Giizelyali
(location 24). The tsunami was observed as a leading depression wave to the west of Kavakli

Figure 3.3. At Cinarlik Park near Degirmendere (locatioin figure 3.2.), a hotel, restaurants,
shops, and trees along the shoreline subsided into the sea, at the place where the seawater changes to
a lighter color. The divers on the boat were looking for a car dragged into the sea by the wave.
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Figure 3.4. A view from the sea of the subsided coastal area at Kavakli, west of Golciik
(location 20 in figure 3.2).

(location 19, figure [3.3) along the southern coast up to Giizelyali. The wave was noticed
immediately after the earthquake. As shown in figure 3.4, there was significant coastal subsidence
in addition to slumping of Cinarlik Park near Degirmendere (location 21). The subsided area
extended 250 meters along shore and 70 meters perpendicular to shore and included two piers, a
hotel, a restaurant, a coffechouse, and 14 large trees. The sea was observed receding about 150
meters in less than 120 seconds near Degirmendere. When the sea came back, it flooded up to 35
meters inland, as indicated by the mussels and dead fish left in this inundation area.

At Halidere (location 22), the sea receded 10 to 15 meters and flooded up to 50 meters inland,
as inferred from the depositions of sea moss and jellyfish. At Ulasli (location 23), the sea receded
and inundated at least 5 meters. Seven people were swept into the sea when a waterfront restaurant
subsided; only two survived. The building of the Ulasli municipality and its open-air parking area
near the coast sank into the sea, together with cars, construction equipment, and boats (Altinok
1999). In the port at Glizelyali, the sea withdrew and boats were stranded outside the breakwater
atthe onset of the earthquake. The inundation distance was about 5 meters. At Karamiirsel (location
26), the sea receded; sea moss and dead fish were found along a 70— to 100-meter zone at the Aksa
Textile Industrial Complex at Kilic Delta, west of location 30.

At Kiiciikgekmece Inlet, Atakoy Marina, Yenikapi, Bosporus, Bostanci, Pendik, Tuzla, Yalova,
Cinarcik, Bandirma, and Erdek, strong currents and abnormal water-level changes were also
reported, but of much longer periods. In Atakoy Marina, abnormal long-period water-level changes
and strong currents were observed by the staff of the marina until 6:00 a.m. the following morning.
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ABNORMAL SEA LEVEL CHANGES AS REPORTED BY SEAMEN

Along the northern coasts of Izmit Bay, at Dilovasi, Korfez, Derince, and Izmit (locations 4,
10, 12, and 14, respectively), several boat captains reported abnormal sea level changes.

At the onset of the earthquake at Dilovasi Port (location 4), the 2,000 gross-ton (GT) tanker
Nazan, with a draft of 4.5 meters, along with Empros and Bora Mete, suddenly descended and then
was uplifted as much as 3 meters. At the port of Derince (location 12), loading cranes derailed due
to horizontal and vertical movements of the caisson as large as 40 cm. Two large, heavy, and
powerful tugboats, boarded alongside a ship moored at port, descended violently on their bows as
a result of the LDN and were then uplifted 2 to 2.5 meters.

The boat Korfez-1 was moored at a fisherman’s wharf at Korfez at around 3:00 a.M. on August
17, 1999. The LDN caused the boat to hit the seafloor, and then Korfez-1 drifted back to the sea.
In less than halfa minute, the boat rose with the rising water and drifted toward a fisherman’s wharf.
From this observation, the period of the wave (time distance between crest to crest) was inferred
to be less than one minute. In Izmit Marina (location 14), the moored boats dropped by more than
2 meters before recovering.

Along the southern coast of Izmit Bay at Degirmendere, Halidere, and Ulasli, the captains
experienced violent wave motions. The 375 GT 50-meter-long passenger ship Ataturk was moored
to the Degirmendere Pier, next to the 300 GT 36-meter-long fishing boat Kircillioglu-4. The
captain of the fishing boat Abonoz, which was nearby, reported that Kircillioglu-4 was uplifted
more than 10 meters relative to Ataturk and sank, while Ataturk was dragged to shallower depth.
At the Halidere pier, the 349 GT 4-meter-draft Tatlisu Ship fell down more than 1 meter below the
pier, hit bottom, and damaged her shaft and propeller. At the Ulasli port, the ship Kirat broke her
ropes off and fell down below the pier. All these short-term near-shore events, which depend on
local seafloor bathymetry and marina geometry, are an indication of the water pandemonium that
followed the earthquake.

A less credible but nonetheless interesting report was from the captain of the ferryboat
Okmeydani, which was sailing at 1 knot within 90-meter-deep water from Topcular to Eskihisar
(locations 30 and 3), 2.6 miles from Topcular. The captain reported seeing a 30- to 40-meter-high
wave about 100 meters away from her bow. He observed that the wave progressed toward Eskihisar
(Altinok et al. 1999).

HISTORICAL TSUNAMIS IN THE SEA OF MARMARA

The tsunami waves observed after the Kocaeli earthquake are not the first ones to have occurred
in the Sea of Marmara; ten historical tsunamis were reported between a.n. 975 and a.n. 1962
(Ambraseys 1962). The Osmanli (Ottoman) official archives (Kuran and Yalciner 1993) report that
the September 14, 1509, earthquake triggered a tsunami that flooded the regions behind the city
walls of Istanbul near Yenikapi and Galata (located to the west and east of Bosporus, respectively)
and the residential areas in Hereke, near the northern coast of Izmit Bay. The July, 10, 1894,
earthquake generated a tsunami that affected Prince’s Islands west of Bosporus and the coasts from
Bakirkoy to Kartal (north of the Sea of Marmara). The passenger ship Eser-i Cedit was dragged
to shallower depths, and many boats of various sizes were thrown up onto the land near Biiyiik
Island. The sea receded about 50 meters at Cam Harbor of Heybeli Island (Kuran and Yalciner
1993). The September 18, 1963, earthquake (M=6.1), which was widely felt over a 70,000 km?
area, triggered a tsunami. Sea waves washed over the seawalls and caused panic at Bandirma, an
important port city 120 km away from the epicenter near the south coast of the Sea of Marmara.
Local residents vacated port facilities, businesses, and coffechouses close to the shoreline. The
same tsunami reportedly deposited seaborne debris far beyond the high-tide line along the coast
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of Mudanya Bay (Kuran and Yalciner 1993). Based on historical references, Altinok and Ersoy
(1996) and Altinok, Ersoy and Yalciner (1999) reported tsunamis in Izmit Bay and its vicinity to
have occurred in A.p. 120 or 128, 325, 358, 447, 488, 553, 555, 557, 715, 740, 1754, April 1878,
May 1878, and September 18, 1963.

SUMMARY AND CONCLUSION

Based on eyewitness reports and run-up and inundation measurements, the tsunami generated
after the Kocaeli earthquake had a period shorter than a minute and arrived a few minutes after the
earthquake on the northern coasts and about a minute after on the southern coasts. The sea receded
first along northern and southern coastlines of Izmit Bay. This information provides valuable
information on the generation mechanism of the tsunami waves, for it implies that there was a large
subsidence near and/or at the shoreline, possibly caused by a stepover between two strands of the
strike-slip fault system. The fairly consistent reports of approximately one-minute wave periods
rule out bay oscillations as the source of the flooding and indicate that regions of subsidence may
have been localized (Alpar 1999; Guneysu 1999). Tsunami waves may have also been generated
by sediment slumping within the bay, in addition to tectonic subsidence. Local peaks in tsunami
run-up along the northern and southern shorelines of the middle basin hint that these slumps may
have generated waves near Degirmendere.

The Kocaeli earthquake generated only small tsunami waves that caused no extensive damage
to coastal structures. The tsunami hit close to highly populated areas, however. This is a cause of
substantial concern, as there are hundreds of houses, hotels, and cafés within tens of meters of the
coastline. Future earthquake hazard mitigation programs in [zmit Bay and the Sea of Marmara need
to consider the hazards of tsunami waves, which may result from coseismic seafloor motion,
underwater landslides, slumps, and subsidence.
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